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WHILE the atmosphere is the most active of all geological 
.gencies, it has received the least careful study from geologists. 
Its very activity destroys its relics almost as soon as formed 
ind gives them peculiar evanescence. This has invited the 
neglect of geologists laudably prone to concentrate their 
attention upon agencies which have left enduring and unequivo- 

il records. The atmospheric element in geological history bids 
fairto long remain obscured by elusive factors and uncertain 
interpretations. None the less it is an element of supreme 
importance and should be persistently attacked until it yields up 
its truths. This must be my excuse for offering a paper which, 
I am painfufly aware, is very speculative in many of its parts. 

All our attempts at the solution of climatic problems pro- 
ceed on some conscious or unconscious assumption concerning 
the extent and nature of the atmosphere at the stage involved. 
These assumptions are too often unconscious and the conclusions 
reached command a confidence which might not be reposed in 
them if the underlying assumptions were frankly stated. It may 
not be unwholesome, therefore, to raise some radical doubts 
respecting current assumptions regarding the early stages of the 

*Read before the British Association for the Advancement of Science at Toronto, 
August 20,1897. For obvious reasons it was necessary to treat the many factors 
nvolved with extreme brevity and hence with some obscurity and much lack of ade- 
juate qualification. I have taken the liberty of adding some tables and other matter 
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atmosphere and to offer for trial a competitive hypothesis or 
group of hypotheses. To admit a competitive hypothesis to the 
working list is a concrete form of embodying a doubt respect- 
ing existing hypotheses and serves better than any abstract 
skepticism to keep alive the sources of doubt. I assume that 
the system of multiple working hypotheses is accepted as 
furnishing the most wholesome conditions for research, and that 
any additional hypothesis not in itself incredible will be wel- 
comed 

If we compute the mass of the several constituents of the 
present atmosphere, and estimate the rate at which they ar 
being consumed in alterations of the superficial rocks, we find 
that the carbon dioxide will last but a short period unless there be 
some source of supply. A group of careful estimates by different 
methods gives results ranging from five thousand to eighteen 
thousand years* with a weighted mean of about ten thousand 
years. Only the alteration of the crystalline terranes was 
admitted to the computations. The estimates assumed thx 
degradation rates of current geological opinion. Granting thes« 
may be too high, and multiplying the results accordingly, it still 
appears that we are confronted by the early exhaustion of a vital 
factor of the atmosphere, if there be no compensating source of 
supply. 

There is, however, an immediate source of compensation. 


The ocean is an atmosphere in storage. It is not improbabl« 


treatment on some points, but it st 

periodicity of Pleistocene atmosphe 

only a particular case under a genera 

hang upon this individual application. 

involved in the paper have been dis 
advanced graduate students of my classes 

ave received from them much valuable aid 

utions and quantitative estimates have been made by F. R. Moulton, H. I 
A. W. Whitney, ‘ nde, sain, Samuel Weidman, C. F. Tolman, Jr., 
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that every portion of it has once been a constituent of the 


Lile 


atmosphere and may be again. In atmospheric studies it must 


be recognized as a potential atmosphere. According to the best 
lata at command, the ocean holds in solution about eighteen 
times as much carbon dioxide as the atmosphere. But even this 
reserve supply if fully available leaves the perpetuity of atmos- 
pheric conditions congenial to life very short, viewed geologically. 
This threat of disaster is not, however, a scientific argument, 

hatever function it may have in awakening interest and neutral- 
izing inherited prejudice. 

A broad comparison between the atmosphere of Palzozoic 
times and that of Cenozoic times fails, I think, to giv e proof of 
any radical difference in the constitution of the two atmospheres. 
[he magnolia flora in North Greenland in Tertiary times indi- 
cates a scarcely less wide distribution of warm climate than the 
life of the same regionin Palzozoic times. Glaciation in northern 
Norway announced by Reusch and confirmed by Strahan, in 
times apparently just preceding the Palwozoic era, is as sugges- 
tive of atmospheric poverty as anything that introduces the Cen- 
ozoic times. The signs of glaciation at the close of the Palzxo- 
zoic era in India, Australia,and South Africa, reaching within 20 
of the equator, indicate a thermal depression even more mar- 
velous than that which closed the Cenozoic era. The salt 
deposits of the middle latitudes in Palxozoic times, notably 
those of Michigan and New York, in areas where the great 
basins now overflow voluminously, seem to imply an aridity quite 
comparable to anything which has succeeded. The extensive 
terranes of hematite-stained rocks, contrasted with the limonite- 
stained terranes, while their interpretation is more problematic, 
make suggestions of concurrent import. 

A comparison of early with later life, stripped of theoretical 
presumptions, does not seem to me clearly to imply any great 
difference in the content of carbon dioxide. Air-breathing 
life, to be sure, has left no certain record earlier than the middle 
Paleozoic, but these earliest forms afford no clear proof that 


they were determined by non-susceptibility to an excess of carbon 
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Che delay in the appearance of land life is sufficiently 


the obstacles to its evolution to make needless a 


ppeal to a noxious condition of the atmosphe re. 
it if we compute the amount of carbon which has been 


theoretical a 


extracted from the atmosphere in the production of the carbon- 
the carbonaceous deposits, and restore this to th 

a time-honored custom, we are led to the 
ption an exceedingly extensive, dense, 
[The amount of carbon dioxid 

stones and carbonaceous deposits has 

it twelve thousand to one hundred and 
present content of the atmosphere. My, 

lead me to favor figures lying between twenty 

land thirty thousand. These estimates do not go back of 
oic series and leave an unknown factor to be added for 
re-Cambrian limestones and carbonaceous deposits. The 


h 


on extracted from the atmosphere since t 
ir-breathing life is probably not less than 800 
amount now in the air. This forces th« 
large amount of carbon dioxide or any 


part of it was ever in the atmosphere at any one time. 


alternative is to assume that the atmosphere was origi- 


1 as well as robbed during all 

eing a struggle between enrich- 

measure this is an accepted view, 

purpose of this paper to show that the way 
hesis in this direction. 

vast original atmosphere is derived 

utation of material extracted from it 

yarding the origin and early history 

has been quite general assent to the nebu- 

gin of the earth. Even where dissent from 


1¢ 


raseous features of this theory has been entertained there 
has been acquiescence in the doctrine of the earth’s early molten 
lition and all that it implies If the earth were in a thor 


ten condition, there would seem at first thought but 


mol 
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int ground for any dissent from the inference that the present 
drosphere was then mainly a part of the atmosphere. It does 
t rigorously follow, however, that this was so. Hypothesis may 
far as to attribute much of the subsequent ocean and 
mosphere to vapors thrown out of the molten magma as it 
oled and to vapors gathered from space since. But I venture 
question the supposed original molten state. While making 
claim to disprove it, I doubt whether it rests on sufficiently 
id theoretical grounds to justify the assumptions so unhesita- 
rly built upon it. There is still some ground to doubt the 


1 


bular hypothesis and to entertain some of the various phases 


the meteoroidal hypotheses. The nebular hypothesis corre- 


tes a wonderful array of remarkable facts and has gained a 


rofound hold upon the convictions of the scientific world, yet 


me of its great pillars of support have recently weakened or 


ive fallen away entirely. Of the 5000 known nebulz to which 


naturally look for analogy very tew, if indeed any, strictly 
erpreted, exemplify in a clear and decisive manner the sys- 


matic annular evolution postulated by Laplace. The pho- 
f the nebula of Andromeda, that were hailed with such 


their first appearance as exemplifying the Laplacean 
appear upon more critical study to support it only in 
gencral terms, if indeed they lend it suj port at all. 
Saturnian rings, the trite source of illustration and analogy, 


ler the test of the spectroscope to be formed of discrete 


n 
uric 


particles, and not of gas, and the investigations of Roche 


a new phase on their theory. While in their form they 


lly with the annular hypothesis they do not sup} its gas- 


r 
= « 


s phase, if indeed they lend it any support at all. But our 


ief interest is not in the general theory, but in the special 


ferences drawn from it respecting the early stages of the earth. 


us assume the possible or, if you please, probable truthful- 


ness of the nebular hypothesis so far as the separation of an earth 
moon ring from the shrinking sun is concerned. Do the subse- 


quent steps commonly postulated logically follow ? 


[The vast radiating surface of such a ring, its attenuated 
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nature and the extremely high temperature necessary to main- 
a volatile condition combine t 


tain its refractory substances in 
suggest its speedy passage from the vaporous to the Saturnian 


n from loss of heat. It seems a severe 


i 


or discrete solid conditi 
tax upon probabilities to suppose that such a ring would remain 
in the gaseous condition during the long period of its aggrega- 
1orm 

of doubt is found in the high molecula: 


Dr. Johnstone 


tion into a spheroidal 


sut a Graver source 
the gases under these conditions 


velocities of t 
Stoney lave attempted to show that the attractive 
power is insufficient to control gases of 
higher molecul: locities, especially aqueous vapor. 

| ibsence of atmospheres 


An endeavor t apply a simi 


the early earth leads 


1S 


satellites and 
line of reasonin » the conditions of 
ilts that I may be justified in briefly sketcl 


has an attractive power si fficient to con- 


t away from it at velocities below a certain 


shot 
+} 1; ] ] ] . ler 
the discharged molecules pursue elliy 


he starting point. At the limit of 


lo« ities 


parabolic courses and never return 


pression * parabolic velocity ’’ to indicate the 
which particles shot away from the body will 
varabolic velocity of the earth at its surface is 


A molecule discharged 


pel second 


will not return to it. The 


9 miles (1118127 


from it at that speed or a greater one 


in expression of effective gravity and 
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epends not only upon the amount of the material embraced in 





the body, but on its distribution and other conditions. The 
irabolic velocity declines with height, as shown in the follow- 


g table prepared for me by Mr. F. R. Moulton.’ 


rABLE OF THE EARTH’S PARABOLIC VELOCITIES (V,’ ) 
FOR VARIOUS HEIGHTS ABOVE ITS CENTER (|X) THE EFFECTS OIF 


ROTATION BEING NEGLECTED.” 


When + (height abc cente1 + 
Wher h liu 4 11181.3 meters 
Wher! 

W he! 

Wher 

Wher 

When 

Wher 

Wher! 

Wher 

Wher 

When 

When 

Wher 

Wher 

When 

Wher! 

Wher 


iat ee ey 


= 


a 


I 


[he parabolic velocity is also reduced by the centrifugal com- 
ponent of rotation. The effect of this is shown in the following 


tables computed by Mr. Moulton: 


* Assistant 
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I]. 


rABLE OF PARABOLIC VELOCITIES OF THE EARTH (V,) 
FOR VARIOUS HEIGHTS ABOVE ITS CENTER (|X) WHEN THE PERIOD 


F ROTATION IS 23 HOURS, 50.007 MINUTES. 


* 


center) V, +- 96 


11181.27 meters 


<TH (V,) FOR VARIOUS 
ROTATION PERIOD IS 
CENTRIFUGAL COMPONENT 
ATION OF GRAVITY AT THI 


39 meters 
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] ] [-— r ontinue d. 


Whe I 

Wher! l 

When V; 
When : ) - V; 
Wher V 
When l 

Wher I 

When i 

When KI - I 

When 

When 

When 

When 


[he molecular velocities vary with temperature. The fol- 


wing table computed for me by Mr. A. W. Whitney exhibits 


cities for temperatures ranging Irom zero to 4000 i. 
IV. 
MOLECULAR VELOCITIES FOR VARYING TEMPERA- 


rIMETERS PER SECOND, STANDARD PRESSURE. 


The molecules of a gas of a given temperature have a mean 
velocity, but this does not express the actual velocity of the 
individual molecules. By their interaction upon one another the 


velocities of some are depressed, the limit being zero, and the 


velocities of others are increased, the limit being infinity. 
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rheoretically both these limits may be reached, but extremely, 
high velocities are acquired at such distant intervals as to bi 
negligible. Very considerable exaltations of velocity are how- 
ever attained with sufficient frequency to be effective in dis- 
charging a large part of the gas under suitable conditions, sinc« 
each molecule in succession is liable to acquire a high velocity 
The following abl shows the proportion of molecules that 
each or exceed the designated multiples of the average velocity 


it any instant 


PROPORTION ( MOLECULES WHICH HAVI \ 
Of rIMES THI AVERAGI ) VELOCITY (OR 
INSTANT, STANDARD PRESSURE, FOR TEMPERA 


molecules of water vapor at o C. have an average 


522 per se [The foregoing table shows the 


given by Risteen (“ Molecules 
based on Maxwell’s 
molecules are mathe 
loubtless to be held 

y were experimental 

f experimental demonstra 

st approximation at present 
found in Maxwell’s “ Theory 
on for mixed gases and 


this general argument 
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nber of times this velocity a given proportion of molecules 


tain at any instant when they have certain specified tempera 
For example, the table shows that when the gas is at 
Oe 10", or 47 per cent. of the molecules have a 
locity greater than the average velocity at zero centegrade ; 
n the gas is at 100 C., 47 per cent. of the molecules have 


velocity 2.2 times the average velocity at oO C.; when at 1500 
the same per cent. 2.5 times the average velocity at 
, etc. [o raise the velocity of these molecules to the para- 
ic velocity of the earth the multiplier must be about 19.8 
since ILI6127 per sec, 1S the parabolic veloc ity of the earth 
the surface and 1118127 56522 19.8, nearly). The tabl 


ows that the proportion of molecules attaining this velocity o1 
ver (taking the figure nearest to 19.8) is as follows: 
For 3 7.55 I 


5) 


For 4 a a 


It now becomes important to ascertain how frequently all 


the molecules, on the average, will acquire the parabolic velocity 


f the earth Every time a collision occurs the velocities of the 
Che formula for the time required 


olliding particles change. 
N is the num- 


ror complete change will therefore be i where 
ber of collisions per second at o° C. standard pressure, and Pm 
is the proportion of molecules having the parabolic velocity, 
given in terms of O° C, velocity, standard pressure. 

The number of collisions per second for 0° C. standard pres- 
sure is given by Maxwell as 17,750,000,000 for hydrogen, 7,646,- 


0,000 for oxygen, and 9,720,000,000 for carbon dioxide. For 


the number of collisions for water vapor I find no authentic esti- 


if 


mate, but it probably sustains the same ratio to the collisions ot 


hydrogen and oxygen that their velocities do to each other, 


increased by a certain factor representing the effect of the size 


of the molecules. It will here be assumed that the number of 
collisions of the molecules of aqueous vapor is 10,000,000,000 
per second at 0° C. standard pressure. The results can easily 


be modified for any other figure that may be thought nearer the 
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number of collisions also increases with the density 


supposed case of an atmosphere containing 


water of the globe, the density would perhaps be 30 
standard density. In the upper regions the density 
low and |. of the standard density may be taken 


of the conditions there. Making the assump- 


lisions ot wate! Vapol are 10° per SCC ., the 


for all the molecules, on an average, to acquire 


ity of the earth would be as follows: 


3.4 seconds 


nder the current hy pothesis of a molten earth derived from 


us one the temperature of the atmosphere would probably 


the stages of condensation of the 
of the earth from the form of a gas to the 
From this fervid stage the temperature would 
below before the crust would begin to form 
id condition cease. The temperatures of a 


therefore be assumed to range from 4000° C 


figures of the preceding table may 


ion were simply the acquisition of molecular 


surface of the liquid mass greater than the 


earth at that point within an available 

would appear that the retention of the water 
in serious jeopardy during the hotter stages, 
ive the cooler ones in large part if it 

ey were very prolonged. but there are 
taken into account. Under the most 

part of the molecules which attain a 


locity of the earth’s control would 


] 
i 
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ive bec > tl uld t be projected ay fr the eart] 
ipe Decause 1ey Would not be projected away Irom the earth 
Besides, the escape of molecules projected outwards is seriously 
mited by the interference of the particles above. This inter- 

e is practically prohibitory for the molecules in the base 
the atmosphere. The problem, therefore, involves the extent 


which the high velocities of the lower hot atmosphere would 


ymmunicated to the upper atmosphere whence escape would 
possible. The interpretation of this is beset with great diffi- 
es. The molecular velocities of the higher parts of an 
nosphere surrounding a molten earth involve factors which 
not be safely estimated from the phenomena of a cold earth. 
st of course be assumed that the molecular velocities of 
molecules of the rising air would be lowered in proportion to 
work done by them or the energy lost, but in convectional 
yvements certain parts of the air are recipients of motion 
ther than generators of it, and do not lose the energy their 


movements might seem to imply. It is probable that the inter- 


ran 
il 


y 


e of lower and upper air about a molten earth would be 
xtremely violent. It is not unlikely that explosive convection 
ke that of the sun would be the customary mode of action. If 

hot bodies of vapor were shot violently into the outer limits of 

the atmosphere, molecular discharge would seem to be probable 

f not inevitable, whatever might be true of the more quiet mode 


action. Besides this the current nebular hypothesis appar- 


ently involves the passage of even the outer atmosphere through 


it 


very hot stages during the early period when the refractory 
ises of the now solid material were condensing and separating 
themselves from the atmospheric gases. 

The case in this form seems at present indeterminate. There 
is an apparent probability that a large loss would be suffered 
while the temperatures ranged from 3000 to 4000’. At the 
same time there is a possibility that a residue would remain if 
the period of this high temperature were not prolonged, and a 
probability that a large part of the atmosphere would be retained 
if it survived until the temperatures were near the melting point 


) 
OT rock 
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The considerations that grow out of altitude above the su 
face which reduces the parabolic velocity have been neglected 
thus far. These are not very important in a shallow atmos 
phere as may be seen by reference to the tables previousl\ 
given, but they might be consequential in an exceedingly 
extended atmosphere. While it would be hazardous to esti 
mate the height of a superheated atmosphere embracing th 
whole present hydrosphere, it seems not improbable that its 
outer portion would be appreciably affected by the reductior 
of the parabolic velocity due to its high altitude. 

To this is to be added also the effect of the high rotation 
which the earth is assumed to have had. Inthe supposed dis- 
charge of the moon under either the nebular or fission hypothesis 
the attraction of the earth in the equatorial zone must have been 
nearly or quite neutralized by the centrifugal effect of rotation 
[his must have greatly promoted the expansion of the atmos- 
phere in that zone and correspondingly reduced the earth’s power 
to control its outer portion, indeed it is difficult to see how the 
moon could have separated from the earth without carrying awa) 
the atmosphere, unless indeed the separation took place while 
the material of both bodies was in a perfect gaseous condition 
and the atmospheric constituents were diffused throughout the 
entire gaseous mass. But even in this case the subsequent con- 
traction of the earth should apparently have accelerated its rota- 
tion to such an extent that the retention of the outer equatorial 
atmosphere would be put in jeopardy. 

There is still another consideration whose importance may 
possibly be decisive—the dissociation of water. Dr. Stoney 
has maintained that even under present conditions the earth is 
incompetent to retain hydrogen. This conclusion is in harmony 
with the fact that hydrogen does not permanently exist in 
the atmosphere, though this absence may be otherwise explained.’ 


At 1000 C. all molecules of hydrogen would acquire the para- 


bolic velocity of the earth some hundreds of thousands of times 
= . 


footnote, the weakness of the argu 


the ease with which it may combine 
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per second. Now the temperatures of the supposed molten 
earth reached and probably much exceeded the temperatures of 
ffective dissociation of water vapor. The dissociation is prob- 


ibly due to violent impact of molecules of high velocities. It 


probably takes place in some degree even at moderate temper- 


ires.* The proportion of dissociated molecules greatly 
ncreases with temperature until the dissociation so far exceeds 
the recombination that it may be said to be nearly or quite com- 
ete. Authorities differ as to the temperature of effective dis- 
ociation. The estimates commonly given lie in the lower half 
f the range of temperatures above assigned to the molten stage 
ftheearth. If, therefore, the temperatures of the molten globe 
ranged as high as the current hypothesis seems to require, the 
lissociation of the aqueous vapor would seem to be inevitable 
ind the loss of hydrogen would be endangered notwithstanding 
ts disposition to recombine. 

If the retention of the atmosphere be put in jeopardy by the 

irth’s temperatures in a supposed liquid state much more would 
t be endangered if the temperatures were those of volatilization 
{ the refractory material of the earth, as assumed by the 
Laplacean hypothesis, for not only would the molecular veloci- 
ties be enormously increased, but the extension of the mass 
would push its exterior portions out into the regions of low 
parabolic velocity. 

If the mass be still further dispersed into the vast gaseous 
ring of the Laplacean hypothesis the argument from molecular 
velocities is immeasurably strengthened, for not only must the 
temperatures requisite to the retention of the refractory sub- 
stances of the earth in the attenuated condition of such a gaseous 
ring be ex« eedingly high, but the parabolic velocity of the body 


th the free oxygen of the air is in a large measure covered by resting the argument 
iefly on the absence of helium, which is chemically very inert. As helium is given 
ff slowly by hot springs, it is urged that in the vast lapse of the geological ages it 
ould have accumulated to an appreciable quantity if it had not escaped. As it has 
1olecular mass of hy lrogen it is held that the “ minimum speed of control 
t existing temperatures lies below the molecular velocities of gases which are twice 
is heavy atomically as hydrogen 


‘ RISTEEN, Molecules and Mole 
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in such an extremely distributive form would be exceedingly 
low. It would seem, therefore, that unless the argument from 
molecular velocities is radically and grievously at fault the 


hypothesis of a gaseous earth-moon ring is untenable unless 
degree of tenuity be assumed which separates the molecules 
beyond the limits of effective kinetic relations. Inthis case the 
argument from rapid cooling becomes peculiarly strong and 
seems to leave no alternative but the conversion of the refractory 
matter of the ring into the discrete solid condition. 

Impressed by these considerations and following what seem 
to be the legitimate implications of molecular studies, I have vent- 
ured for myself to place the atmospheric inferences from th« 
supposed gaseous and molten conditions of the primitive earth 
in the list of uncertain deductions and to add an alternative 
hypothesis to my working list. 

But occasion for doubt concerning an early molten earth and 
its vast atmosphere is not limited to this line of approach. On 
other grounds we cannot fail to recognize that some form of th« 
meteoroidal hypotheses of the origin of the earth is entitled to 
be reckoned among the possibilities. Whether an accretion of 
meteoroidal matter would give rise to a molten earth or not 
would depend upon the rapidity and violence of the infall. It 
the intervals between falls were sufficient the heat would be lost 
concurrently. A relatively cold earth is theoretically as possible 
as a hot one until it is shown that the aggregation must be rapid 
Even following the general line of the nebular hypothesis a cold 
earth is hypothetically possible. We have found reason for 
thinking that the earth-moon ring, if formed, would probably 
become cooled to discrete solid particles while still in the ring 
form Now it does not appear that there are any conditions 
inherent in such a ring that tend toward sudden concentration 
into a spheroidal body. Quite on the other hand, the problem 
presented by such a ring is to find agencies which will lead to 


its concentration at all. Just how the concentration would tak« 


place is an unsolved question.*. But two things seem certain; first, 


, though beyond the province of. 
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process would be slow; the individual conjunctions more or 
ss distant in time, and the heat generated by one impact so far 
rth lost before another took place ; second, the conjunctions 
uld not be opposing collisions but overtakes in which both 
lies were moving at nearly the same speed, and the heat of 
njunction hence relatively small. It would appear, therefore, 
it the aggregation might take place without the development 
my one time of a general high temperature. The present 
retions of the earth show us that growth is possible without 


‘table increase of temperature. Following the general line of 


nebular hypothesis, therefore, it is possible to suppose the 


earth to have been affected by relatively low surface temperatures 
all stages of its growth. By changing our assumptions as to 
he rate and vigor of accretion we can correspondingly change 
ur conclusions respecting the earth’s temperature. The range 
jection to meteoroidal aggregation. Ina 

r than the inner and if broken and con 

ct. But in a ring of planetoids 

and if the several concentric orbits be 

inner planetoids uniformly or usually collide 

tation follows. But this is 

case of Uranus and 

70-281). But it seems 

he case of the outer planets, 
id expresses itself chiefly 
Motion of Saturn’ 

, while the disturb- 

the orbits of the 

supposed earth- 

d attractions of 

apsides would 
in a more or less 

would be brought to 

an outer orbit could 

coming into coincl 

inner one. But the perihelion 
oincident aphelion move- 

the outer body in collision 
tation will be direct. As _ this 
iter, and as the inner planets 


retrograde rotations, it has at 
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of rational hypothesis seems therefore to be wide. It is herein 
urged that it is wholesome at present to recognize this wide 
range in its fullest amplitude. 

But if we question current conceptions we should present 
alternatives which account for the atmosphere and for internal 
heat. Let us therefore hastily follow the hypothetical growth 
of a planet built up by the slow aggregation of small bodies 
which join it at low velocities and develop a minimum heat 
Let the case be purposely made rather extreme to develop 
sharply the difficulties springing from it. Let the infalling par- 
ticles be small and their rate such as not to generate a high 
surface temperature. The growth of such a body up to the size of 


the moon may be taken as an hypothesis of lunar history and 


the phenomena of the moon may serve as a check upon it. The 


moon may, however, have originated by fission even though the 
earth were built up by accretions. In the early stages of growth 
the gravity being low the aggregation may be supposed to hav 
remained uncondensed. Volcanic aggregations of bombs, cinders 
and ashes are perhaps the nearest terrestrial analogues. Th« 
ingathering particles obviously carried with them so much of 
the atmospheric material as was entrapped or occluded within 
them in their solidification, or was absorbed into their pores o1 
adhered to their surfaces. Judging from meteorites the amount 
of this might have been large. Gaseous molecules moving as 
independent bodies may have joined the aggregation and become 
absorbed in its porous body, but they would not have been col 
lected into an appreciable atmospheric envelope until the body 
passed the size of the moon if the molecular considerations 
urged earlier in this paper hold good, though an atmospheric 
envelope would not have been entirely absent. As the mass 
grew the central pressure increased and condensation produced 
heat at the center proportional to the work done. I find the 
explanation of internal heat chiefly in this self-condensation, it 
being essentially the application of the Helmholtz solar theory 
to a solid body. Tidal kneading and chemical action doubtless 


added their contributions. When the growing mass reached the 





HYPOTHESES BEARING ON CLIMATIC CHANGES 97 


size of the moon a definite problem was presented of which the 


present moon stands as a possible representative and invites 


omputation. If in its loose state of aggregation the mass had 


specific gravity of 2. and if it shrank by self-condensation to 
;.4, the average specific gravity of the moon, the possible heat gen- 
rated by the gravitative fall would have equaled 3900° C. for the 
hole mass, the specific heat being assumed to be .2, which is 
ery prudent. I owe the computation to Mr. Moulton. For 

nvenience of computation the condensation was assumed to be 
niform and the distribution of heat uniform. The original 
listribution of internal heat would perhaps have varied with the 
juare root of the pressure, according to Laplace’s formula. 
\s the computed temperature is more than twice the melting 
emperature of average rock not under pressure it seems ample 
for all igneous phenomena indicated on the moon with a large 
residue for secular loss. 

Assuming that the exterior temperature remained below zero 
luring the pre-atmospheric stages of growth, the hypothetical 
tructure of the planet when it reached the size of the moon may 
e pictured as embracing (1) a dense central portion raised to a 

gh temperature by compression, giving a potentiality of lique- 
faction under relief of pressure; (2) a zone of declining temper- 
ture and less compressed structure, graduating toward a porous 
ondition, and (3) at the surface the still unconsolidated open 
ggregation. The low average specific gravity of the moon 
3.4) encourages the belief that the outer porous zone was deep 
nd open. The notion is entertained that the central heat and 
ompression would lead to the expulsion of a part of the cen- 
trally entrapped gases and vapors, and that these would be 
lriven outward into the exterior porous portion, which having a 
ow temperature, like that of the moon today, condensed the 
iqueous vapor in the spaces of the open texture and the whole 
became bound together more or less completely with a matrix 
of frost and ice. It is assumed that the internal condensation 
would be attended by readjustments of matter of the nature of 


diffusions, differentiations and concentrations, and that there 
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would be deformations and igneous extrusions as on the earth 
today. Perhaps the reduction of metallic oxides and the working 
of the slag toward the surface may have been an incident of the 
process. Now whenever igneous extrusions invaded the zone of 
congealed vapor conditions would be afforded favorable for the 
generation of great quantities of steam temporarily restrained by 
the overlying fragmental mass and facily subject to explosive 
discharge. The peculiar constitution of such a body invites the 
notion of exceptionally explosive eruptions, as do also the 
extraordinary pits of the moon. Asa matter of fact the sug- 


y the pits and not from the peculiar 


gestion arose from studyin 
constitution of the body to which the speculation had led. 
[These remarkable cavities seem to be the close analogues of 
the few explosive craters which the surface of the earth pre- 
sents 

[he pre-atmospheric stage of the evolution would obviously 
cease when the growing earth acquired a size sufficient to measur 


ably control its exhaled and ingathered gases. <A certain meas 


ure of control was incidental to all stages, for even a small 
planetoid has some power to control gases of very low initial 
velocity if it continues at low temperatures. At the size of the 
gases of much more than the average molecular veloc ity 

of the earth at o° C. could be held if their velocities 

exalted by interaction. This exaltation would become 
ineffective when the gases became extremely rare and the sur- 
ce very cold. The molecular argument does not therefore affirm 
total absence of an atmosphere on the moon, but rather on 

the contrary its scanty presence. An effective control would 
perhaps begin to be gained by the growing planet when the size 
of Mercury or thereabout was attained. After this the vapors 
gases of lower molecular velocity would collect upon the 


surface and initiate the appreciable history of the external atmos- 


yhere. Whensoever the accretions of this atmosphere acquired 
| | 


the power of retaining the heat of the sun to such a degree as 
a surface temperature above the freezing point, the inau 


1 of the hydrosphere would take place and with its pro 
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rressive development the familiar phenomena due to superficial 


waters would appear. The surface would soon lose its extremely 


fragmentary condition and take on the terrestrial form; the sub- 


rranean frozen zone would disappear and the vulcanism assume 
the terrestrial type. 
This hypothesis, it will be observed, departs radically from 
e familiar view in that it initiates the atmospheric history by 
| tenuous envelope which continued to slowly increase. By the 
hypothesis, as thus far sketched, the atmosphere was derived 
rom the interior. After the earth reached the requisite size the 
lection of wandering gases would supplement it. The compe- 
ncy of this external source is almost wholly a matter of con- 
‘cture and its vague possibilities need not be discussed here. 
It need only be remarked that the hypothesis of molecular dis- 
harge involves the peopling of space with flying molecules. 
The measure of competency of the interior to supply an 
itmosphere is obviously a critical question. Unfortunately we 
ire almost entirely without specific quantitative data bearing on 
the subject. We know that there is not a little atmospheric mate- 
rial in the interior as demonstrated in volcanic action and in the 
ontent of the minute pores of the hypogene rocks, but we do 
not know how far this was derived from the surface. If the 
moon never has had an appreciable external atmosphere its 
Jlosive eruptions were not due to surface infiltration and the 


CX} 


implications of its numerous and vast craters are very sug- 
estive. We can also draw inferences from meteorites which 
sometimes contain several times their volume of gases, as well 
is solid matter susceptible of conversion into atmospheric con- 
stituents. But at best we can only form very vague quantitative 
notions. On the other hand, we are liable to overestimate the 
mount required. The atmosphere and the ocean combined are 
ittle more than ,,',. of the mass of the earth. To be com- 
petent, the ingathered matter need therefore only contain about 
of I per cent. of atmospheric and aqueous material, plus an 
idded factor for what may have been lost and what still remains 


in the interior. This percentage does not seem large enough 
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to render the hypothesis improbable in the present state of 
knowledge 

[he competency of self compression to generate the internal 
heat of the earth is also a critical question already touched upon 
Estimates made by different methods seem to give an ample 


supply The safest seemingly is that of Mr. Moulton who simply 


computed the energy that would be required to lift the matte: 


of a homogeneous earth of 5.6 sp. gr. against gravity alone t 
such a height as to give the whole a uniform specific gravity ot 
3.5 [his is more than the present specific gravity of the moor 
and is obviously extremely conservative. The fall of this matte: 
was found capable of raising the whole mass (specific heat being 
taken at the over-figure of .2), to 6560° C., or about four time 
the average melting point of rock at the surface. If th 
original specific gravity be taken at 2. on a gross average, which 
seems much more probable than 3.5, when the supposed loos 
state of aggregation is taken into account, the possible tempera- 
ture, if all the potential energy were converted into heat and 
retained, would exceed 13,000°. A portion of the energy might 
take other forms than heat and a portion would be lost concur 
rently, but as the heat was generated in the interior and must 
have been conducted to the surface very slowly, the secular loss 
must have been of the conservative order. On the other hand 
tidal friction and possibly chemical action would add to th« 
interior heat and more or less offset these sources of loss. On 
the whole, therefore, self condensation seems a competent source 
of internal heat unless the rate of aggregation was excessively 
slow 

Although aside from my central purpose, it may be remarked 
that the recognition of a progressive self-condensation of th« 
earth from a loose aggregation to a more dense one by a pro- 
longed and still incomplete process presumes a degree and 
quality of shrinkage peculiarly suited to explain the inequalities 
of the earth’s surface. An explanation must be found not only 
for the mountainous wrinklings of the crust in post-Cambrian 


times and the great crumplings and crushings of the Archzan 





HYPOTHESES BEARING ON CLIMATIC CHANGES 675 


ges, so much neglected, but also for the great continental eleva- 
ons and their superposed plateaus, and the deep oceanic depres 
ons with their abyssmal anti-plateaus—— phenomena with which 
irrent hypotheses have struggled so unsatisfactorily. It is also 
cessary to find an explanation for the unequal distribution of 
ensities which have been partially revealed by gravity observa 
ons, but which are more broadly suggested by the unsym- 
etrical aggregation of the hydrosphere. The total shrinkage 
f the earth from first to last, under the hypothesis here pro- 
osed, would perhaps be sufficient to reduce its volume as much 
s one-half or even more, this, of course, depending on the 
riginal density. While the most of this contraction would 
ntedate known geological history, the process can scarcely be 
pposed to have been complete in pre-Cambrian times, or even 
» be complete now. A part of the condensation must, there- 
fore, quite certainly have fallen within geological history, anda 
art must remain yet to be accomplished, for, in addition to the 
retardation of the process of condensation caused by the heat 
generated, by the rigidity of the outer rocks and by the rapid 
rotation of the sphere, the maximum condensation of the mass 
‘ould only be attained by means of a general rearrangement of 
the heterogeneous material of the meteor-built globe through 
the agency of diffusion, segregation, re-combination, re-crystal- 
lization and other processes which aid in giving a maximum 
compactness to mixed material. This internal readjustment 
must necessarily have been a slow process if the globe has been 


solid throughout its entire history, and must doubtless be yet 


incomplete. This progressive rearrangement of internal material 


idds a special agency of contraction to loss of heat, change of 
rotation and similar processes now recognized and which would 
act under this hypothesis essentially as under the current view. 

If we make the plausible assumption that a slow process of 
diffusion, differentiation, concentration and gravitative readjust- 
ment has been in progress throughout the whole history and is 
yet active, and that matter has crept up from the hot compressed 


center into the superficial parts where relief of pressure would 
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cause liquidity, we seem to have an equally facile basis for the 
explanation of molten extravasations. 

It may also be remarked that the acquisition of an atmospher: 
and hydrosphere at a moderate temperature when the growing 
earth reached a medial size introduced conditions congenial to 
life at a stage sufficiently anterior to the Cambrian period 
satisfy the most strenuous demands of theoretical biology. Most 
of the restrictive arguments of Lord Kelvin and others lose thei: 
application under this hypothesis. 

Returning to the atmospheric problem, it is to be remarked 
that the assumption of a limited early atmosphere may be enter- 
tained quite apart from the foregoing accretion hypothesis. 
Under the current hypotheses of the separation of the moon, 
whether by the annular mode of Laplace or the fission mode of 
George Darwin, great rotary speed and high temperature are 
assumed as necessary or probable conditions. We have seen 
that these seem to put the retention of the atmosphere in jeop- 
ardy [he balance of theoretical probabilities, as I now see 
them, favors the presumption that the atmosphere would have 
been greatly reduced under these conditions. There does not 
therefore seem to me any firm ground, even on current theories 
of the earth's origin, for insisting on the acceptance of the doc- 
trine of a vast primitive atmosphere, as the great reservoir from 
which subsequent abstractions have been chiefly taken. I think 
we are free, therefore, toassume just such a Palaeozoic atmosphere 
as the life and deposits of that time seem to imply, interpreted 
by the phenomena of today. Such an interpretation seems to me 
to indicate conditions not radically dissimilar to those of the 
recent geological ages; warm climates in high latitudes at 
times, colder climates in lower latitudes at times, moisture at 


times, aridity at times, and like oscillations. This view carries 


with it the necessary corollary that the atmosphere has been 


supplied by accessions in some near proportion to its losses. 
That additions have been made to the atmosphere of vital 
importance is a familiar doctrine, but it is here pressed to an 


unfamiliar degree 
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If we push the doctrine thus far it is important to assign 
causes for the fluctuations of supply and exhaustion of the 


itmosphere, to give the doctrine a working form and to devise 


means of putting it to the test. Concerning external sources of 


enrichment we know so little that we can scarcely say that there 
is a leaning of probabilities either toward or against practical 
iniformity. The internal supplies were probably correlated in 
some measure with igneous extravasations— not that such extrav- 
sations were the sole mode of liberating gases, but that other 
modes probably worked concurrently with them. The escape 
of gases was probably also correlated with crustal move- 
ments, especially those that compromised the continuity of the 
surface rocks, particularly the profound crushings which mining 
ind the microscopic study of the hypogene rocks reveal. In 
these phenomena therefore, may be found a rational basis for 
inferring the times of probable atmospheric enrichment. For- 
mulated as a proposition, it may be postulated that special 
enrichment coincided with special igneous extravasation and 
crustal disruption, taking the earth as awhole. The supply may 
be assumed to have been uniform in so far as these and other 
means of liberation were on the average uniform. 

The phases of depletion are susceptible of more satisfactory 
treatment. In the first place, the depletion was differential. 
The loss of nitrogen was doubtless slight, because of its chem- 
ical inertness, and hence, though the supply may have been 
small, the nitrogen grew to ultimate dominance. The depletion 
of oxygen through the alteration of surface rocks was notable, 
but less than that of carbon dioxide. As a result the latter 
became the minimum factor of the atmosphere and the critical one. 
The enormous reserve supplies of water rendered its consump- 
tion inconsequential. 

In the second place, the depletion was conditioned upon the 
exposure of the surface rocks to atmospheric alteration. This 
in turn was conditioned upon topography. In stages of ele- 
vation the water table of the land is depressed and the zone 


of atmospheric penetration is deepened. At the same time the 
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zone of effective penetration of aerated water below this is also 
deepened Hence the alteration of the rocks is promoted. I) 
stages of low elevation stages of baseleveling, for example - 
the zone of atmospheric penetration is shallow and rock altera 
tion proceeds slowly From this may be deduced the law that 
during stages of depression or baseleveling, depletion pro 
eeded slowly [The aggregate surface must, of course, be con- 
sidered 
lo apply this law, let us assume for the moment, a uniforn 
supply equal to the average rate of exhaustion. With the inau- 
guration of any great epoch of general uplift there would begin 
in era of relatively rapid atmospheric exhaustion, which would 
proceed continuously during such elevated stage and might result 
in notable atmospheric impoverishment, as the computations cite« 
irly in this paper show. As the cutting down of the surfac« 
ipproached baselevel, the depletion would be retarded and, the 
continuing the same by hypothesis, the rate of exhaus 
tion would fall below that of supply and an epoch of enrichment 
A second elevation would re-inaugurate the depletion 
ind so oscillations of enrichment and impoverishment would fol 


} 


low the general oscillations of the land surface." Applying this 


law by itself, atmospheric poverty should follow at some distance 


the stages of general elevation, and, on the other hand, atmos 
pheric enrichment should follow at some distance the stages of 
basele veling Ol depression. 

But the assumption of a uniform average supply needs revi- 
sion. In the main the igneous extrusions and crustal disrup- 
tions that are presumed to favor gaseous emanation probably 
fell in with the initiation of the elevated stages that favored 
depletion In a general way the curves of supply and of deple- 
tion ran together in geological history and gave a measurably 

ns of that part of the land surface whose rocks con 
alteration in general terms, the crystalline areas 
-1 by general baselevelings or some notable 
issumed It would be obligatory to state the 


ill too narrow limits of this paper 





HYPOTHESES BEARING ON CLIMATIC CHANGES 


mstant atmosphere, but their occasional failures to run in 
nsonance are herein assigned as possible causes of exceptional 
limatic episodes, for it is almost axiomatic to say that climatic 
hanges would attend changes in the constitution of the atmos- 
phere. [ assume that atmospheric poverty, especially in the 
ritical item of carbon dioxide, is correlated with low tempera- 
ture, as urged by Ty ndall and others 
It is impossible here to attempt to apply the doctrine in 
letail to geological history. But it may be noted in passing 
that the Pleistocene glaciation followed at a notable interval the 
formation of the great plateaus and epeirogenic uplifts of late 
fertiary times. The glaciation of India, Australia and South 
\frica occurred about the the time of the crustal revolutions 
that marked the close of the Palzozoic era. The uncertainty 
of the homotaxis of the strata involved makes a precise cor- 
relation at present impossible. The glaciation perhaps came too 
early to fitthe hypothesis." Here, at least, is an excellent chance 
to put it to trial All other hypotheses of glaciation have fared 
badly when brought to the supremely severe test of the ancient 
oriental low-latitude glaciation, and if this hypothesis shall fol- 
low them to the junk shop of broken down theories it will find 
in already beaten path. The glaciation of northern Norway 
is determined by Reusch and Strahan succeeds the pre-Cam- 
brian stage of elevation, but in what precise relations is not 
known. 


The great extensions of warm climate to the high north 


appear to be associated with baseleveling perfods in a general 


way ; but whether in a specific connection of sufficiently declared 
nature to indicate the relation of cause and effect remains to be 
determined. 

Another source of atmospheric depletion needs recognition. 
Dr. S. W. Johnston is responsible for the opinion that the entire 
carbon dioxide of the atmosphere would be removed by the pres- 
ent annual growth of vegetation if there were no return through 
decomposition and animal life provided it were continued uni- 


* It may fall under the organic factor of the hypothesis mentioned later 





CHAMBERLIN 


formly for one hundred years." Animal life, however, makes 
such nearly complete returns that the permanent loss is usually 
regarded as negligible. Nevertheless it is something. In cer- 
tain stages of the world’s history it has been important, as th« 
coal beds testify. The loss in the Carboniferous age has been 
held sufficient to remove a noxious excess from the early atmos- 
phere. On the same basis it might be held to cause serious deple- 
tion in the absence of the excess. It is necessary at least to 
consider whether, under the theory of a limited early atmosphere, 
conditions which restrain the animal factor of the organic cycle 
may not so far impoverish the air as to seriously affect climate 
But this cannot be entered upon here. The organic cycle is very 
sensitive and very rapid in its action. It would naturally be 
greatly influenced by the topographic conditions which were 
concerned in the supply and exhaustion of the atmosphere, and 


lend to them either its concurrent or its counteracting influ- 


It is now a little more than fifty years since Tyndall sug- 
gested that the periods of terrestrial glaciation might be depend- 
ent upon the carbon dioxide of the atmosphere whose peculiat 
competence to retain solar heat he had demonstrated. The sug- 
gestion of the origin of glaciation through the depletion of this 
atmospheric constituent is, therefore, not at all new. It has 


been entertained by others than Tyndall. If it has failed to 


find much acceptance this has perhaps been partly from a 


doubt as to its adequacy and partly from the lack of any 
definitely assignable cause for the requisite intermittent deple- 
tion Dr. Arrhenius has recently contributed to the subject 
a most important discussion bearing especially upon the 
former point By an elaborate mathematical analysis of data 
derived from Langley’s experiments he has endeavored to 
ascertain what degree of depletion of the carbon dioxide of the 
present atmosph ild bring on the conditions of Pleisto- 


other hand, what degree of enrich- 
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ment would produce the warm climate of the Tertiary. He 


arrives at the conclusion that the removal of 38 to 45 per cent. 


of the present carbon dioxide 


in increase of 2.5 or 3 times 


+ 


Cl 


» would 


would bring on glaciation and that 


produce the mild 


iperatures of the Tertiary times. He quotes the opinion of 


Professor Hégbom in support of the competency of earth changes 


in 


ad 
md 


to produce this depletion, and also the competency of the interior 


other sources to re-supply the impoverished atmosphere. 


He, therefore, carries the suggestion of Tyndall and others a very 


notable step in advance, and, what is especially important, has 


given it quantitative expression on the basis of deductions from 


} 


observed data. He does not, however, postulate the conditions 


which control the enrichment and depletion of the atmosphere 


which has been the essential endeavor of this paper.’ 


} 


But we do not meet geological ( 


emands when we simply 


offer general explanations of climatic changes. Our theories 


must ultimately be found to fit the precise phenomena. How 


are we to explain the profound 


oscillations? Here is 


where existing hypotheses are put to the stress and our atmos- 


pheric hypothesis seems at first thought even less adaptable to 


the phenomena than most others. 


oscillations were profound, as some do, 


If we could deny that the 


it would be convenient. 


But I fear we cannot. We may appeal to variations of atmos- 


pheric supply, to the precession of the equinoxes, etc., but field 


+ 


] 
experience leads me to doubt 


i 


these 


will fully fit the 


phenomena, though they must doubtless be reckoned as factors. 


] have endeavored to follow out the doctrine of atmospheric 


gain and loss on its own lines, and although the studies are 


] 


statement, but I can here only 


‘ ’ 
‘] may here remark that the main 








tions. To do it justice it should 


entertainge I express¢ to my students 


natu 


1eas 


betore 


1 in giving them a more pub 


opinik 


incomplete, the results are at least encouraging. I seem to find 
a rhythmical action that may in part explain the glacial oscilla- 
elaborate and careful 


re in bald outline 


herein advanced were 


I saw Dr. Arrhenius 
} 


n on the vital point of 
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and in terms that need qualification. The idea hinges (1) on 
the action of the ocean as a reservoir of carbon dioxide and (2) 
on the losses of the organic cycle under the influence of cold 
Cold water absorbs more carbon dioxide than warm water. As 
the atmosphere becomes impoverished and the temperature 
declines, the capacity of the ocean to take up carbon dioxide in 
solution increases. Instead, therefore, of resupplying the atmos- 
phere in the stress of its impoverishment, the ocean withholds its 
carbon dioxide to a certain extent, and possibly even turns 
robber itself by greater absorption, though the diminution of the 
tension of the carbon dioxide of the atmosphere as its amount 
is reduced tends to increase the discharge of carbon dioxide 
from the ocean to restore the equilibrium, and, to the degree of 
its efficiency which is undetermined, offsets the increased absorp- 
tion of the cold water. So also, with increased cold the process 
of organic decay becomes less active, a greater part of the 
] 


vegetal and animal matter remains undecomposed, and its car- 


bon iS the re by locke d up, and he nce the loss ot carbon dioxide 
through the organic cycle is increased. The impoverishment 


} ] 


of the atmosphere is thus hastened and the epoch of cold is pre- 


With the spread of glaciation the main crystalline areas, 
whose alteration is the chief source of depletion, become cov- 
ered and frozen, and the abstraction of carbon dioxide by rock 
alteration is checked The supply continuing the same, by 
hypothesis, reénrichment begins, and when it has sufficiently 
advanced warmth returns. With returning warmth, the ocean 


] 


gives up its carbon dioxide more freely, the accumulated organic 


products decay and add their contribution of carbonic acid, 
and the reénrichment is accelerated and interglacial mildness 
hastened 

With the reéxposure of the crystalline areas, alteration of 
the rocks is renewed and depletion reéstablished and a new 
cycle inaugurated And so the process is presumed to continue 
until a change in the general topographic conditions determinesa 


cessation, 
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The rhythmic curve which represents these oscillations 
should have an increasing or declining amplitude, according to 


the advance or decline of the topographic conditions which con- 


trol the depletion of the atmosphere. This brief sketch needs 


much elaboration and qualification, but as the studies are still in 
progress, and the paper has already transgressed the limits due 


the occasion, it must be deferred 
CHAMBERLIN, 



























AN ANALCITE 





BASALT FROM COLORADO.' 


[ue discovery that analcite plays the réle of an important 
primary constituent of certain igneous rocks must be regarded 
as one of the most interesting developments of recent petro 
graphical investigations; and I, for one, am inclined to believ 
that Pirsson has not gone too far in his general conclusions, pub- 
lished in this JOURNAL a year ago,’ that analcite is an essential 
primary component ot many roc ks now assigned to the mon- 
chiquites, a rock group described some years ago by Hunter and 
Rosenbusch. As each definitely proven instance of primary 
analcite in igneous rocks must for some time to come be of value 
in establishing its true rank as a rock constituent, the following 


] ] 


description is offered, although some important details of occur 


rence cannot be given 


The rock in question was found by myself in 1893, while 


engaged in the geological survey of the | 


) 


ike’s Peak quadrangle 
Che exact locality, which may be identified by reference to the 
published map of that area,} is in the small park called “ The 
Basin,’ twelve miles nearly west of Cripple Creek. Near the 
southern end of The Basin, and on its western side, at the end 
of a little ridge between two branches of High Creek, there is 


an outcrop of black basaltic rock directly on the line where a 


1 


great complex of andesitic and basaltic breccia and agglomerate 
rests on the Dakota Cretaceous sandstone. This volcanic series 
extends far to the westward, between South Park and the Arkan- 


sas River, but only a few tongues and remnants now exist to 


the eastward of The Basin. The outcrop mentioned was regarded 
i | hed with the permission of the Director of the U. S. Geological Survey. 
*7 Moncl tes or Analcite Group of Igneous Rocks,” by L. V. PrRsson. 


(No. 7), Washington, 
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it the time of discovery as indicating a short dike parallel to the 
ridge, but no contact was seen, owing to detritus. Although the 
rock had a somewhat unusual habit, it was not supposed to be 

iterially different from many other basaltic dikes which had 
een observed cutting the fragmental series referred to. It turns 

t on examination, however, that this rock of The Basin is an 
inalcite-basalt, quite unlike any other rock collected in the entire 
listrict. 


The rock is dark and very fresh looking, with many small 


rystals of augite and olivine, and a white mineral occurring in 
roundish grains, all these averaging about 1™" in size. A few 

gite prisms are larger, and terminations exhibiting the usual 
pinacoidal twinning were seen. The white mineral, by its rounded 
grains and the absence of cleavage, presents the only marked 
deviation from the normal habit of the neighboring plagioclase- 
basalts. A black, aphanitic groundmass holds the phenocrysts. 

Under the microscope augite, olivine, and magnetite possess 
a development common in basalts. Augite of pale, yellowish 
green color, and very faint pleochroism, occurs in phenocrysts, 
which are usually almost free from inclusions, but a few aygre- 
gates of similarly colored grains are full of irregular or sack- 
shaped glass inclusions. There is commonly a narrow outer zone 
to the purer augite, in which inclusions of glass and magnetite 
ire seen, and the substance of this outer rim has a faint purplish 
tinge, like that of the smaller groundmass grains. An analysis 
of the pure augite is given below. 

Olivine appears in moderate abundance, of usual habit, and 
is the only mineral showing any sign of alteration. Perhaps 
half of the olivine is serpentinized with pale brown biotite leaves 
inclosed in the serpentine of the most altered grains, as an 
apparent secondary product. Primary dark, reddish brown bio- 
tite also appears very sparingly. Magnetite and apatite have 
the customary development. 

A considerable part of the rock is colorless and isotropic in 
polarized light; a much smaller part is colorless but doubly 


refracting, and is mainly assignable to three species of feldspar. 
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[he isotropic constituent embraces most of what is megascop- 
ically visible, and also much more, in small grains, which, with 
corresponding ones of augite, magnetite, and feldspar, mak« p 
the groundmass. There is, in fact, a regular gradation between 
large and small isotropic grains. No crystal form was observed 
for the isotropic substance, but neither does it appear in any way 
to play the role of a glassy base. It seems throughout to be an 
irregularly granular mineral constituent, of the isometric system, 

[he larger grains are almost wholly free from inclusions, and 
while probably the last substance to crystallize the isotropi 
mineral has in its growth pushed back the smaller grains of 
augite and magnetite so that they often form a distinct zo 
about it Chis phenomenon seems clear evidence of a crystal 
ing force [The smaller grains mingle with augite, magnetite, and 
felasp ul 

While no crystal form has been observed, rings or wreaths 
of small inclusions were noticed in a few grains, and these so 


strongly suggested leucite that until the chemical analysis was 


made I felt quite sure that the rock must bea leucite-basalt. A 
smoky tinge is present in a very few grains, and in one the co 
oring matter is arranged in zones, clearly suggesting a regular 
crystal form Irregular fractures traverse the substance, and its 
index of refraction is less than that of the Canada balsam, as 
indicated by Becke’s method. 

Che feldspathic constituent appears in small, irregular, cleat 
particles, some of which have most characteristic microclin 
structure, with an extinction of 15°; others can only be consid 
ered as sanidine, with Carlsbad twinning in some grains; and 
the remainder is a plagioclase rich in soda, with very delicat: 
albitic twinning. Its angle of extinction is always small. There 
is possibly some nepheline associated with the feldspar. 

The purity, freshness and abundance of the isotropic mineral 
invited the attempt to determine its composition by isolation and 
analysis. This was done by Dr. W. F. Hillebrand, and the 
result is given in column I of the table below. Under I®* is 


given the molecular ratio deduced from the analysis. The 
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mount and composition of the portion of the rock soluble in 
hydrochloric acid is shown in column II. The augite was, in 

main, so free from inclusions that an analysis was made by 
Dr. Hillebrand for comparison with other rock augites. The 
material was isolated by the Thoulet solution, and was found to 
e very pure on microscopical examination. III is the analysis 


f the augite 


I I II Ill 

SiO 51.24 854 21.97 49.26 
riO 1.53 
A1,O 2 235 ).94 6.01 
Fe,O 1.2 3-714 3-31 
FeO 4.23 
CaO 1.6 1.95 21.79 
SrO i od -00 
Ba) ? 
MgO 33 a) 2.87 12.40 
K,O 1.25 12 it 6) -4I 
Na,O 11.61 187 4.04 79 
H,O 62" 3.915 
H.O S.47 170 
P.O 
St) I 
( ace S 

100.4 49.08 99.79 
*Over H,SO,. 3 Includes P,O,. Assumed from rock analysis 
Re nder of water 4 Total iror Fe,O 


[he isotropic mineral could not be secured entirely free 
from attached or included particles of doubly refracting sub- 
stances. But these made up a small part of the material sub- 
ected to analysis. After treatment with hydrochloric acid 
there remained an insoluble residue, amounting to 4.22 per cent. 
of the substance taken, and this was found on microscopical 
examination to consist of augite and feldspar. From the molec- 
ular ratio the following proportion may be derived: 

SiO, : Al,O,; :R,O: H,O :: 854 : 235 : 237 : 470 or 


In this result CaO and MgO are united with the alkalis and iron 
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is neglected. This ratio is exactly that of analcite except for 
the silica. It cannot be assumed that the material isolated was 
pure, and small amounts of various substances no doubt went 
into solution. But we can reasonably consider it demonstrated 
that the isotropic substance acting like a mineral constituent 
has prac tically the composition of analcite. I can see no reason 
for doubting this identification. 

rhe analysis of the soluble portion of the rock leads to prac- 
tically the same result as that of the isolated analcite. By 
deducting olivine, apatite, and magnetite, there remains a resi 
due having about the ratio 1 : 1 for Al,O, to alkalis. Silica is 


again low. If nepheline were present in the rock the low silica 
of both analyses might be explained. It is possibly there in 
some small amount but probably not in sufficient quantity t 
entirely explain the figures of the analyses. 

[he augite proves to be quite high in alumina and to have 
more titanic acid than would be inferred from the pale violet 
tinge it exhibits. It is thoroughly normal augite. 

An analysis of the rock of The Basin was also made by D1 
Hillebrand, and it is given in column IV of the following table, 
in which analyses of several allied rocks are introduced for pul 
poses of comparison. Of the other analyses, V is of a rock from 
Shelburne Point, Vermont, described by J. F. Kemp and V. F 
Marsters,’ with other dikes of the Lake Champlain region. In 
] 


the original description Kemp published another analysis of this 


rock, the accuracy of which he was afterward led to question, 
and the analysis here quoted, made by H. T. Vulté, was published 
by Pirsson, at Kemp’s request, in his cited discussion of the mon- 
chiquite group. VI is of one of the original monchiquites from 
Brazil, by M. Hunter. The relation between the analcite-basalt 
and the other basalts of the region is illustrated by analysis VI], 
by W. F. Hillebrand, of a normal plagioclase-basalt occurring in 


Saddle Mountain, a few miles northwest of The Basin. 


* The trap dike f the Lake Champlain rewion Bull. 107, t .5. G.S., 1893 p. 32 


ingvesteil 1S « eschaft der Ela 
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rABLE OF ROCK ANALYSES, 


\ \ Vi. Vil. 
A nalcite salt, Moncl te Monchi te Plagioclase-basalt, 
The Basin, ( She irne Point, Vt Brazil. Saddle Mt., Colo. 
W. F. Hillebrand. H. T. Vult M. Hunter. W. F, Hillebrand. 
~ 15 5 15.55 10.45 45 76 
UV I. 32 nae 9 1.65 
VU 3 none 
11,0 12.95 15.57 10.16 15.59 
Fe,O 7 1.05 0.17 0.04 
FeO 1.7 37 6.09 4-50 
() 14 13 
CaO 11.09 I 7.35 8.15 
orU I2 00 
BaO 13 aa 17 
MgO 3.30 5.32 4.02 5.95 
KO 1.04 1.61 3.08 293 
O 1.53 3.42 5.55 3-43 
U t ¢ none 
HO 5 ) 4( 
Hoo , c 14 c 4.27 } I 18 
reV )I 60 
( S 
CO 15 
> S87 100.91 2 


Were the greater part of the water in the analcite-basalt 
ducted, and the remainder recalculated to 100, the analysis 
[V might stand for an ordinary nepheline-tephrite. It is lower 


lumina than many analyses of basalt, but if TiO,, P,O,, 


nd MgO were accurately estimated in all such rocks the alu- 
na would often fall 2 or 3 per cent. below the published figures. 
he magma of this basalt was relatively quite rich in soda with 
yw silica and much water. The formation of analcite in the 
final stages of consolidation of such a magma seems to me much 
ore natural than that glass should be the result, provided only 
iat the conditions were in general favorable to crystallization. 
As the rock probably occurs in a dike and ina region where 
here are many dikes of holocrystalline p 





agioclase-basalt, the 
resumption must be that the conditions were favorable to crys- 


tallization. 
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The monchiquite of Shelburne Point agrees very closely in 
composition with this analcite-basalt. Its high alumina would 
no doubt be materially reduced if TiO, and P,O, were deducted 
Of this particular rock Kemp quotes Professor Rosenbusch, to 
whom it had been shown, as saying that it is a “true monchiquite 
of typical habit.”* From a microscopical examination of a speci 
men of this rock which is in the reference collection of the 
Geological Survey it is plain that there is a great difference in 
the development of the tworocks. In the Shelburne Point roc] 
there is a cloudy gray base of indistinct radially fibrous stru: 
ture and of weak double refraction It is neither glass nor no: 
mal analcite at present, whatever it may have been original! 
It is clear from the analysis, however, that the rock of Shelbur: 
Point and that of The Basin resulted from magmas of almost 
identical composition 

The original monchiquite (analysis VI) varies somewhat from 


the others, being higher in alumina, iron and alkalis and lowe: 


in lime and manganese. Its alumina must contain considerab! 


| 
Rosenbusch as glass, has been shown by Pirsson’s recalculation 


phosphoric acid. Its isotropic base, interpreted by Hunter an 


of Hunter’s analysis to have practically the composition of 


an ilk ite 


he plagioclase-basalt of Saddle Mountain is so near to 


the monchiquite of analysis VI in chemical composition that 
if its magma had contained 2 per cent. more water it might 
in all probabil 
basaltic dikes occur near The Basin it seems reasonable 


ity have yielded a monchiquite. As many norma 
assume that the analcite-basalt magma contained more water at 
eruption than did those of the plagioclase-basalt dikes. 

In the original description of monchiquite Messrs. Hunter and 
Rosenbusch call attention to the association of all the rocks of 
that type then known to them with elzolite-syenite, and express 
the belief that magmas of this kind must have given rise to the 
monchiquites together with some complementary acid rocks 


The expression of this belief in the positive form of the title to 


Bull. 107, U. S. G. S., p. 35 
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r communication—‘‘ Uber Monchiquit, ein camptonitisches 
sanggestein aus der Gefolgschaft der Elzolithsyenite’’—is of 
yurse in harmony with the well-known attempts of Professor 
Rosenbusch to make geological occurrence the foundation stone 
n the classification of igneous rocks. And whether one believes 
or does not believe that the ‘‘dike rocks’’ of Rosenbusch have 
individually or collectively that restricted geological occurrence 


} 


and that constant association indicating their origin which are 
assumed in the system of that master, it is of great importance 
to the development of petrography to know the facts. An asso- 
ciation of rocks, the importance of which may be exaggerated 
from certain standpoints, should not on that account be slighted 
by those who occupy other points of view. 

The analcite-basalt of The Basin occurs in a region where 
there is a great series of volcanic rocks, mainly andesitic, with 
basalts, trachytes, and rhyolites, all more or less prominent within 
five miles of The Basin. Phonolites occur in abundance at and 
near Cripple Creek, but there seems to be no reason for assum- 
ing any relation whatever between the magma of this analcite- 
basalt and that of the Cripple Creek center. As has been des- 
cribed* there are basic dikes at Cripple Creek, some of them 


plagioclase-basalts and 


some containing a scanty, colorless, 
residual material of indistinct character, which was interpreted 
as nepheline in large part, and hence these rocks were called 
nepheline-basalts From the much decomposed condition of 
these dikes I am unable to say upon reéxamination that they 
may not originally have contained analcite or a glassy base, but 
still believe it more probable that they were nepheline rocks. 
Since it is evident that the monchiquite or analcite-basalt 
magma contains nothing peculiar to itself except water, it is diffi- 
ilt to see why Rosenbusch should regard it as a differentiation 
product of different origin from other basaltic magmas. Nor is 
plain why any significance, as to genetic relations, should be 
ttached to the fact that the supposed glassy base of the mon- 
‘Geology of the Cripple Creek District, Colorado, by WHITMAN Cross, Six 


gy of th ip} 
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Rep. U. S. Geological Survey, 1895 
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chiquites is similar to elaolite-syenite in composition. The 
residual parts of any moderately basic rock, after crystallization 
of the ferro-magnesian constituents, will be identical with some 
possible extremely feldspathic rock. 

As for the question whether the colorless isotropic base of 
the so-called monchiquites is really glass or analcite it must be 
admitted that both are possible, although the former has not 
been proven in any special case known to me. The point raised 
by Pirsson, however, seems very important, namely, that as the 
monchiquites are supposed to be rather deep-seated dike rocks, 
it is much more reasonable to suppose that the residual substance 
would crystallize rather than form a glass. This argument has 
special weight where it can be shown that the residue has prac- 
tically the composition of analcite, and where associated rocks 
of the same or more silicious composition are found to be holo- 
crystalline. 

The name analcite-basalt has been used for the rock here 
described because it accurately expresses its relation to allied 
types, because the name has priority over monchiquite through 
its use by Lindgren* for the rock of the Highwood Mountains, 
Montana, and further because the definition of monchiquite by 
Rosenbusch implies a glassy base, which is certainly a possibility, 
so that there may be rocks to which the name monchiquite 
applies in the sense originally proposed. It is probable that in 
many cases it cannot be demonstrated whether the colorless iso- 
tropic residual matter is glass or analcite, and where decomposed 
it will be clearly a matter of inference, in most instances. Criteria 
will doubtless be discovered by which analcite can be more readily 
determined than at present. The advisable course then seems 
to be to apply the name analcite-basalt where the determination 
can be rendered probable and to apply monchiquite in other 
cases The fact that an analcite-basalt would have been a mon- 
chiquite if its residue had not cystallized shows the extremely 
close relationship of the two rocks. But it does not follow that 


* Eruptiv ks from Montana Proc. Cal. Acad, Sci., Ser. 2, Vol. III, 1890, pp. 
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all 


monchiquites would have yielded analcite-basalt on crystalliza- 
tion, for the ratio of SiO, : Al,O, 


R,O: H,O must probably 


be very nearly 4:1: 1 order that this unusual rock con- 


2 in 
tituent may torm. 


With lower silica, nepheline and analcite, 
yr glass, would 


presumably result. 


WHITMAN CROss. 
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Introduction.—The following paper embodies the results of 


some weeks of field work on the New Hampshire terrane, 


heretofore considered by some writers to be a metamorphosed 
Archzan sediment, but suspected by others to be eruptive. The 
conclusions of the author corroborate this suspicion and he has 
attempted to express them here with the special point in mind. 
[he author desires to express his best thanks to Professor J. I 
Wolff, of Harvard University, for valued suggestions and very 
material aid during the progress of the work. 

Historical summary of opinion on the “‘porphyritic gneiss.’’—From 
the conspicuous nature of its outcrops the “ porphyritic gneiss” of 
New Hampshire early attracted the attention of geologists. In 


the first annual report of the Jackson survey, in 1841, Whitney 





and Williams, in describing its occurrence remark that “large 


bowlders of porphyritic granite are very numerous over the sur- 
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face, from the west parish of Concord to the center of Warner, 
where we find the rock itself in place. It is a peculiar rock, 
having large crystals of feldspar uniformly distributed through its 
mass ; they are often glassy, so as to furnish beautiful and striking 
specimens, This bed of granite extends across the state in a gen- 
eral northeast and southwest direction. It is from eight to ten 
miles in width, though often interrupted with veins of granite of 

irious texture.”"* With the physical difficulties of a rugged, for- 
est-clad country, it was not to be expected that accurate determina- 
tions of boundaries could be made by these geological pioneers. 
lo this fact is due the confusion of the “‘ porphyritic gneiss"’ and 
associated schists in the published Portsmouth-Claremont sec- 
tion of the Final Report. 

In their section, ‘‘from Haverhill to the White Mountains,” 
Whitney and Williams again refer to the formation thus 
“From Meredith to Centre Harbor the rock in place is por- 
phyritic granite, often traversed by beds and veins of fine 
grained, dark colored granite and trap. Some specimens of the 
porphyritic granite, in which the crystals of feldspar are flesh 
colored, are very beautiful. . . ‘‘From Centre Harbor to 
Plymouth the rock in place is porphyritic granite, traversed by 
occasional beds of mica slate.”’ 

The first distinct mention of the ‘ porphyritic gneiss” in the 
second (and last) survey of the state, that under the control of 
Professor C. H. Hitchcock, occurs in the second annual report, 
1870. The preliminary map issued with that report roughly 
outlines the formation which he calls porphyritic granite. He 
describes it as ‘“‘common granite full of large crystals ot 
feldspar, generally from one-half of one to two inches long, 
which gives a checked appearance to the ledges. Some portions 
of it have evidently been injected, while the arrangement of the 
feldspathic crystals in parallel lines leads to the suspicion of 
stratification in other cases. When accurately mapped the area 
will resemble the trunk and branches of a decayed tree, the 

Final Report on the Geol. of N. H., C. T. JAcCKson, 1844, p. 51. 


*Op. cit. pp. 73 and 137 
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branches corresponding to the veins which have been injected 
from the original mass.’ 

In the report for the next year, Professor Hitchcock 
adopted the view which was held throughout the later publica- 
tions of the survey. On the map, of a scale of five miles to one 
inch, he differentiates the Lake Winnipiseogee and White Moun- 
tain areas, and gives a brief description of the rock, to which 
he affixes the name “porphyritic gneiss.” He says: ‘This 
is an ordinary gneiss, carrying numerous crystals of orthoclas« 
or potash-feldspar, from a quarter of one to two inches long. 
[he longer axes may be parallel to the strike or arranged 
helter-skelter. It passes into granite with the same porphyritic 
peculiarity of structure. . . . . We suppose this to be the oldest 
formation among the mountains. Geologists speak of a rock of 
this character as common in the Laurentian in various parts of 
North America and Europe.” 

At the twenty-first meeting of the American Association for 
the Advancement of Science, held in 1572, Professor Hitchcock 
expressly referred the ‘‘prophyritic gneiss” to the Laurentian 
and noted the common parallel structure of the rock which he 
concluded to be the trace of an almost obliterated stratifi- 
cation,‘ 

An indication of doubt as to an exact correlation appears in 


Professor Hitchcock’s ‘Classification of the Rocks of New 


Hampshire,” published in 1873.5 He divides the various forma- 

S Ann. Rep. upon the G nd Mineralogy of N. H., 1870, p. 33. 

G f New Ham] 1874, \V I,} 

I xplanation of a New Ge gica Map of New Hamps! ré Proc. A. A. A. S., 
187 134 

+Recent Ge gical Discoveries among the White Mountains, N. H. Proc. A 
A. A. S., 1872, p. 135 Ir paper the author states his grounds for the correla- 
tion, viz., that of lit gical similarity between the porphyritic gneiss and the Lau 
el in Of Car ia Eu ope. At each of the next two meetings of the Association, 

reafirmed his position that there is nothing older in the state than the porphyritic 

gneiss which was held t e Archean in age. See Geological History of Lake Winni 


eogee Proc. A. A. A. S., 1873, B. p. 122, and the Physical History of New 
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tions of the lower series into two groups—the Laurentian, which 
he qualifies by an interrogation point, and the Labradorian. The 
former included the “ porphyritic gneiss,” Bethlehem gneiss, 
White Mountain, or andalusite-gneiss, and the breccia of Fran- 
conia, in the order of decreasing age. The eight members of 
the Labradorian ‘‘ constitute one horizontal series of formations, 
the lowest resting upon the upturned edges of all the parts of 
group I.” The greater antiquity of the “‘porphyritic gneiss” 
than that of the other series ‘‘is inferred from the occurrence 
of several bands of andalusite and granitic gneisses upon both 
flanks.”’ Itis interesting to note that in discussion on this paper 
Dr. C. T. Jackson declared his belief that “the classification pro- 
posed was hypothetical to a great extent, and that sufficient 
reason for the adoption of the New York nomenclature was not 
shown.” 

The first volume of the Final Report of the Hitchcock Sur- 
vey was issued in 1874. The ‘“ porphyritic gneiss’’ was there 
explained as the product of altered sediment, the primitive 
stratified rocks having been metamorphosed in Archzan, or, as 
then expressed, Eozoic time.‘ The second volume, published 
three years later, reiterated this opinion, making the terrane the 
representative of the “first territory in the state that was 
redeemed from the primeval ocean.’ 

‘A porphyritic, or augen-gneiss, is eminently characteristic 
of the fundamental rocks in every part of the world, and hence 
ours may readily be called Laurentian.”’ A still closer correla- 
tion was suggested whereby the “ porphyritic gneiss” of the 
White Mountain district, and inferentially that of the whole state, 
was put in the “upper division of the Laurentian system, as it is 
developed in Canada and New York.’* In the general résumé 
of the stratigraphical relations, a thickness of five thousand feet 
was estimated for the formation. With it was included the 
‘‘younger Bethlehem and Lake Winnipiseogee gneisses to form 
the whole Laurentian, aggregating 34,900 feet in thickness.5 

* Geol. of N. H., Vol. I., 1874, p. 512. lbid., p. 668. 5 Jbid., p. 668. 


? Geol. of N. H., Vol. Il, 1877, p. 519. 4 Ibid., p. 252. 
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From this brief review it is seen that the placing of the 


porphyritic gneiss’ so low in the geological scale was largely 
due to the prevalence of two pernicious doctrines then held in 
the study of crystalline schists. The application of the “ lith 
logical canon’’ was a constant feature in the efforts of the se 
ond survey to work out their difficult field. The coarse granitic 
oneisses, the augen-gneiss, and the andalusite-gneiss were each 
supposed to be represented in the typical Laurentian of th 
better known regions, thereby establishing synchrony. Again 
the distinct foliation in many parts of the ‘“ porphyritic gneiss 
d to the other serious error of considering the rock as a meta- 
morphosed sediment, which still preserved traces of its original 
planes of stratification [his position being taken, it was but 
natural to look for structural relations with the surrounding for- 
mations, and at many contacts, the greater antiquity of the por- 
phyritic rock would often appear evident. Needless to say, how- 


e, that all such reasoning 


IS 


s without foundation so far as it refers to large isolated areas ol 
thoroughly crystalline schists Thus the character of th 
terrane had to be determined by other methods. The latter were 
very sparingly used by the survey, and consequently its final con- 
lusions assigned to the “ porphyritic gneiss" the very important 
position of a foundation member in the entire geological series. 

[he interpretation of other terranes was, of course, greatly influ- 
imental idea. The survey fixed the geologi- 
il position of the Bethlehem gneiss,? and of the Montalban 
rroup and the Lake Winnipiseogee gneiss 3 directly by reference 
to the “‘ porphyritic gneiss,’’ and the later succession was corre- 
spondingly affected In fact, Professor T. Sterry Hunt’s con 
eption of and nomenclature of the Montalban group was 
founded on the conclusion that there is this demonstrable Lau- 


rentian in New Hampshire.‘ 
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We have already referred to some hints of an igneous, 
intrusive origin for the ‘‘ porphyritic gneiss,” that were given by 
the survey officers. Similar suggestions appear in many parts of 
the different reports.* The facts described in these passages 
were supposed to be explained on the metamorphic theory as 
being characteristic of only those parts of the ancient stratified 
ocks which had been altered to the extent of complete fusion. 

In his address as vice president of section & of the Ameii- 

in Association in 1883, Professor Hitchcock expressed some 
modification of his earlier opinions on the origin of the por- 
hyritic gneiss. He said: ‘A careful study of the crystalline 

cks of the Atlantic slope indicates the presence of scattered, 
voidal areas of Laurentian gneisses. Those best known have been 
lescribed in the geology of New Hampshire. Instead of a few 
synclinal troughs filled to great depths with sediments, the oldest 
vroup is disposed in no less than twenty-two areas of small size, 
scattered like the islands in an archipelago. There are no 
minerals in these Laurentian islands that do not occur in eruptive 
granite ; and the schistose structure is often so faint that the 
field geologist need not be blamed if he acknowledges his inability 
to detect it. Likewise we discover the same fluidal inclusions 
ind the vacuoies that pertain to granite.’ Comparing these 
islands to volcanic oceanic islands of the present day, he suggests 
that the foliation of the porphyritic gneiss may be the result 
of the superposition in quaquaversal sheets of lava about each vol- 
unic cone, aided by flows of mud and wear by water between 
igneous flows. In this way we might have a “ concentric stati- 
form arrangement in the whole mass.’’ Subsequent metamor- 
phism by heat and pressure would lead to the development of 
new minerals in foliated beds. 

The next important notice of this formation appears in Whit- 


ney and Wadsworth’s “ Azoic system.’’* They instituted a close 

















REGINALD ALDWORTH DALY 


criticism of the general methods of the New Hampshire survey, 
and looked with especial disfavor upon the liberal use of the 
“lithological canon,” as accepted by the members of that survey 
A convenient résumé of the various classifications proposed fo1 
New Hampshire rocks is given in tabular form at page 396 of 
the memoir. The possibility of an eruptive origin for the 
‘‘porphyritic gneiss’ was remarked by the authors. 

In 1884 Professor Hitchcock stated that ‘all thoroughly 
crystalline series of the Atlantic region are of Eozoic age.” 
Two years later he edited the “Geological Map of the United 
States,” in which the “porphyritic gneiss” is colored as Lauren- 
tian.2, A somewhat full account of his opinions on the forma- 
tion was given in a paper on the “ Significance of Oval Gran- 
itoid Areas in the Lower Laurentian,’’3 from which it is evident 
that in 1890 Professor Hitchcock held practically the same views 
on the present subject as those which he published in 1883. 

While the present paper was in process of preparation the 
last word on the formation was given by Professor Hitchcock in 
this JouRNAL. After tracing in a general way the history of 
geological surveying in New Hampshire, he makes the following 


~ 


significant statement of a changed point of view: ‘“‘The question 
now arises, how can our early classification | of the rock series 
be improved? It is eighteen years since the New Hampshire 
report was published, and there are many new workers in the 
field, all placing great reliance upon petrographical principles, 
such as were inaugurated in Dr. Hawes’ report. Some are 
advocates of extreme metamorphism, and hence the conclusions 
are not harmonious. It seems to us that our early views may 
be modified by the following principles: (1) The mineral 
characters of crystalline rocks are not a sure guide to geological 
age. (2) Protogenes, diabases, and diorites, more or less inter- 
stratified with hydro-micas, are of true igneous origin. (3) The 

lrans. Am. Inst. Min. Eng. XII, 1884, p. 68. Cf. a paper in Proc. A. A. A.S. of 
the me year (p. 396) where he again holds the porphyritic gneiss to be Laurentian 


rrans. Am. Inst. Min. Eng., Vol. XV, 1886, p. 465. 
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Archzan gneisses and protogenes may also be of igneous origin, 
and their apparent stratification has no connection with sedi- 
mentary or chemical deposition, etc. ... . Applying such prin- 
ciples to the classification of the rocks of northern New England, 
we may improve on the report in several particulars. (1) Arch- 
wan rocks are not eliminated from our list. They exist as oval 
reas, such as have been indicated in the Stamford gneiss, and 
south of Mount Killington, Vt., in the Hinsdale, Mass., area, the 
Hoosac Mountain, and elsewhere. I recognize the porphyritic 
eneiss in the Stamford rock, and in the Hoosac tunnel as Arch- 
wan. (2) Our hesitancy about the place of the Bethlehem 
rneiss is met by recent observations. They are batholites, con- 
taining inclusions of the adjacent mica-schists. It does not 
follow that all these protogene areas are of the same character ; 
each one must be studied by itself.’”’ 

However satisfactory such conclusions may be in their appli 
cation to most of the formations in the state, a clear statement 
of the true relations of the porphyritic gneiss has not yet been 
made. The author’s recognition of the correct methods which 
must be used in interpreting crystalline schists has as yet not 
been supplemented very largely by their positive exercise 19 the 
field, and the implication in the foregoing extract, that the 
Archzean appears in the state in ‘oval areas,’”’ either ignecvs or 
non-igneous, is still without demonstration. 

We shall hereafter adhere to the name porphyritic granite, 
for the rock under discussion instead of porphyritic gneiss 
which has been so far used. As will appear later, the former 
name, while not embodying all the generalized features of the 
rock, is preferable to the official one of the second geological 
survey. 

Geographical distribution —The porphyritic granite, as shown 
on the survey maps, occupies four large areas with several 
smaller ones. Of these the largest one extends from Mount 
Monadnock, N. 5° E. to the northern flank of Cardigan Moun- 
tain, a distance of sixty miles; while it varies from three to 


* The Geology of New Hampshire. Jour. GEOL., Chicago, Vol. IV, 1896, p. 57. 
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twelve miles in width. Since this occurrence covers more than 
four times as many square miles as any other, it may well be 
called the ‘‘ Main area.’ Associated with it in Sullivan, Merri- 
mack, and Hillsboro counties, are some half dozen much smaller 
outcrops of the same rock which are surrounded by schists, and 
ire thus outliers from the larger mass. Twelve miles west by 
south of Mount Monadnock, a second important mass of regular 
elliptical or oval-shape cuts cross the Ashuelot division of the B 

ton and Maine railroad The longer axis runs north and south, 
ind is about ten miles long, while the shorter, transverse to th: 
former, is six miles long. From the village of Ashuelot, situat 

on porphyritic granite, we shall derive a distinctive name, an 
call this the ‘‘ Ashuelot area.’ The survey has mapped a larg 
‘White Mountain area,’ which is distributed in irregular elong 

ted form at the north of the Main area from Mount Stinson 

Mount Lafayette. Some twenty miles long, it also varies co 
siderably in width, being only a mile wide near the Prof 
House, but broadening out to six miles at the Kinsman Notch 
From there a long tongue of the rock runs southerly down t 

valley of the Pemigewasset River. The strike of this area 


like that of the Main area, a few degrees east of north. Follow 


ing the common axis of both areas northward from the Profil« 
Hcouse, a small but important ‘Littleton area’’ of some eight 
or ten square miles in extent, appears near the town of Littletor 


ju » a] 
Che fourth widespread occurrence of the porphyritic granite is 
found in another irregular mass thirty miles long, and from on 


to el ht broad, 


g running parallel to the Main area from Laconia 
to Watervill [his may be referred to as the ‘ Winnipiseoge« 


rea,’ from its proximity to the beautiful lake of that name. 
The very local out« roppings of this rock in other parts of the 
state are in point of size insignificant, but they are of valu 
helping to determine the relations of the whole formation. Nota 
ble among these are the small patch on the top of Mount Prospect 
west of Squam Lake and the long dikelike mass north of New 
Boston in Hillsboro county. The grounds for coloring in th 


+ 


mass of porphyritic granite at the southeast base of Mount 
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Monadnock did not appeal to be corroborated by the present 


writer in a somewhat careful study of that region. The mantle 
of glacial drift is there very heavy, but the few outcrops which 
vere discovered seemed to prove the bedrock to be of the same 
iture as the schists round about. Again, a visit to Mount 
Osceola showed that the area of porphyritic granite plotted on 
survey map as occurring on its southern side is really 
cupied by the same coarse-grained hornblende-granite which 
urs in the bed of Mad River, the ‘*Conway Granite”’ of the 
rvey. 

So great being the extent of the formation, it was impossibl« 
the time at the disposal of the writer to make a close exam- 
ition of all parts of the porphyritic granite. Accordingly, 
ost of the observations in the following pages refer to three 
as, the study of which promised to be most fruitful in the 
oblem before us Those selected were the Winnipiseogee 

rea, the Ashuelot area, and the contact of the Main area 
ym the town of Jaffrey to Henniker on the Peterboro and 


illsboro branch of the Boston and Maine Railroad. We sha!] 


nsider these areas separately, treating of the geological results 
tained in each along with certain other facts whose arrange- 
nent would be difficult by any other method of discussion. 

Brief description of the porphyritic granite—General macr 
opical descriptions of the granite are given in several parts ot 

“Geology of New Hampshire.” The rock is remarkabl) 
mple in its phasal differentiation; so far as a considerable 
llection shows, there are only two important variations in 
throughout its whole extent. It may be either a porphy 


tic granitite or a porphyritic granite proper, and either of 


1em may have the foliated structure. They pass into each 
ther by insensible gradation in all the areas and it seems to b« 
mpossible to map them separately. With the exception of this 


nd a few other variable features noticed in the sequel, the por- 
phyritic granite is essentially uniform; it is thus possible to dis- 
miss its characterization in a comparatively summary manner. 


na future paper, the author hopes to give an account of certain 
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petrographical features whose de scription here is not rendered 
either advisable or necessary for our present purpose. 
The name “ porphyritic granite’”’ for this rock is regarded as 


the best available one both on the ground of inherent meaning 





I I Photograph of a specimen of the porphyritic granite obtained n 


general habit of granitic phase, twinned pher 


and of precedent. The composition and order of crystallization 


make it a tri 


e granite rather than a gneiss although the pseudo 
schistose structure is so generaliy present. For very similar 


rocks, the names “ granite-porphyry,” “gneissic granite,’’ et¢ 
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have been employed. It seems best to use the original name at 
first used by each of the New Hampshire surveys and in this we 
follow the nomenclature of Lehmann, Sederholm, Giimbel and 


others who have dealt with very similar rocks 





Fic. 2.— Photograph of a specimen of the porphyritic granite, showing a foliated 
ise near Hancock Station. The lowest phenocryst displays two prismatic partings 
sides the normal cleavages, parallel to P and J/. The base is nearly in the plane 


{the paper. About one-half natural size. 


The granite is always striking and handsome in appearance 
Che groundmass is a coarse-grained, light to dark gray, granular 
iggregate of quartz and feldspar interspersed with flecks, blotches 


ind lines of greenish muscovite and brilliant brown biotite. 
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Within are embedded the lustrous phenocrysts which generally, 
though not always, lie in the foliation plane when the rock has 
the plane-parallel structure 


[he phenocrysts are glassy to opaque white and seem to bx 


in every case either orthoclase or microcline, which may be inter 


grown with another (triclinic) feldspar in the usual microper 
thitic fashion. The largest ones are as much as twelve cent 
meters long. The usual habit is that of simple Carlsbad twins 
[hey present straight edges to the surrounding matrix, giving tl 
planes (001) (O10) (110) and (101). This idiomorphic appear 
ance is often lost in the slide through the great amount of resor] 
tion and marginal corrosion. Occasionally small shreds of biotit: 
a minute individual of apatite, or a few grains of quartz maj 
appear in the core of the feldspar, but as a rule it is notably fre 
from primary inclusions. The results of decomposition are not 
mal. The changing to a reddish hue is common in some weath 
ered phases. 

[The matrix of the rock is simply a typical coarse granitit 
on the one hand or a granite proper (in the classification ot 
Rosenbusch) on the other, in either case with or without th: 
foliated structure. The feldspars have the same general chara 
ters as those of the earlier generation except that a triclini 
feldspar, probably andesine, now appears as an independent con 
stituent. Quartz, biotite and muscovite constitute the othe: 
essentials Large but relatively few individuals of magnetite 
titanite, apatite and zircon are accessory. The quartz and feld 
spars are roughly equidimensional with diameters becoming as 
much as a centimeter in length; in fact the feldspars are often 
transitional into the phenocrysts. Quartz very often crystallized 
simultaneously with the feldspars resulting in the formation of 
a true micropegmatite which is extremely common in slides of 
the granite from all the areas. It is best shown in specimens 
collected along the railroad from Hinsdale to Ashuelot. There 
can be little doubt that the structure is primary in the formation 
as a whole. It is possible, however, that in zones of stress 


the development of the structure has been aided by the meta- 
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morphic cause of crushing, as described by Howitt, Hobbs and 


other writers. 
[he proportions of phenocrysts to matrix and of acid to basic 


The 


itter relation is that usually found in most highly acid granites. 
mass of biotite, 


ynstituents are quite constant in the porphyritic granite. 


Now and then, a well-foliated segregational 
rtz, much titanite and apatite, wrapping about phenocrystic 


s of feldspar, may be encountered. . Again, a phase of the 


devoid of phenocrysts is not rare, although quanti- 
it is insignificant as compared with the porphyriti: 


Both of these variations from the type will be discussed 


ioe. 


what follows 
y 
Field relations. The dis 


bution of the porphyritic granite in the Winnipiseogee area is 


Winnipiseogee area The general 


scribed at length in ‘“* The Geology of New Hampshire.’’! 
[he topography of the area is, on 


The greater reliefs, which vary from 


the whole, not of a very 
finite nature 800 to 


] 


: feet above sea level, without distinct trends, and are 


are 
expected as the result of eroding a 


the forms which might be 
Upon this rolling 


issive rock of pronounced homogeneity. 


nd the glacial drift has been deposited in unusual thick- 
ess, especially in the southern half of the area, where the hills 
re commonly composed of washed drift and till. Correlative 
with glacial reliefs are the glacial depressions seen in the 
numerous lakes and ponds which make such picturesque variety 

the landscape of Carroll county. These modern deposits 
nake it difficult to work out the relations of the bed-rocks. 
Che variety of outcrops in many parts renders the determination 
‘f contact lines almost impossible, and it is largely to this cause 
that the suppositional nature of some of them is due. 

The geological relations of the Winnipiseogee area.—The sur- 
vey map places the porphyritic granite of this area in contact 
with the Lake Winnipiseogee gneiss, the Montalban group of 
schists, the Rockingham mica-schist, and the various eruptive 
masses of Waterville. For convenience we shall briefly indicate 


‘Vol. Il, p 
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the facts of field observation which have been adduced in con- 
nection with each of these formations. 
The porphyriti granite wn contact % ith the Lake Winnipiseoges 


gneiss — Close by Gilford Station, on Smith’s Neck, the bound- 


ary line of the porphyritic granite and the Winnipiseogee gneiss 


appears, and, so far as known, this is its most southerly exten- 
sion in this district. It is a typical acid biotite-gneiss at th 

place, elsewhere muscovite may be found. A few of the out- 
crops are significant. Here and there in the porphyritic granite 
masses of rock very similar to the main body of the schist occur 
in a horselike relation, although nowhere could the actual contact 
be found, and thus render possible a proof of that derivation of 
the masses. On Governor's Island, two miles to the westward, 
a large outcropping of a coarse muscovite-biotite-gneiss occurs 
his is a typical representative of the Lake Winnipiseogee gneiss, 
and this mass is completely surrounded by porphyritic granite 
for a distance of at least a quarter of a mile in all directions. 
About that distance from this outcrop of schist, the real contact 
of the porphyritic granite and Lake Winnipiseogee gneiss was 
found, and it became evident that in the first occurrence we had 
to deal with an outlier removed by some means from the parent 
schist terrane. This relation could hardly be explained except 
on a hypothesis of the igneous intrusion of the coarser rock in 
which the schist was enclosed as a great horse. The truth of 
this supposition was strengthened by the discovery of two marked 
apophyses of the porphyritic granite running into the inclusion. 
Returning to the molar contact, a corroboration of our conclusion 
from a study of the outlier appears in a clearly defined tongue 
of the porphyritic granite which can be traced for some dis- 
tance into the schist. Whereas on Smith’s Neck the porphyritic 
granite was largely granitic, here a well-defined foliation char- 
acterizes the roc k. T he strike o! the foliation planes is N. 3 E. 
and the dip is 82° to the east. It is noteworthy that the strike 
and dip of the schistosity in the adjacent schist is the same. In 
other words, there is an apparent conformity between them. At 


several places among the numerous outcrops of porphyritic gran- 
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ite on the island, very coarse pegmatitic dikes appear which are 


similar to the granite, and do not appear to belong to the class 


of pegmatite veins of segregational origin so common in the 


crystalline area of the state. 

About a mile and three-quarters from Weirs there is a small 
inlet, on the south side of which the porphyritic granite is in 
contact with a dark coarse-grained gneiss. This seems to be 
equivalent to the Lake Winnipiseogee gneiss. It is cut by an 
apophysis of the porphyritic granite, and a horse of the schist 
can be seen on the bare ledges enclosed within the other rock. 
Again, as on Governor’s Island, there is an apparent conformity 
of position. 

Just across Meredith Bay, on Spindle point, an interesting 
contact occurs. The porphyritic granite outcrops occasionally 
on and about the road from Meredith with pretty definite folia- 
tion, the strike varying from N. 20° E. to N. 40° E., the dip 
high, but changing from easterly to westerly in an irregular 
fashion. On the top of the hill at which the road ends, an 
solated mass of another rock is conspicuously displayed in the 
well-smoothed ledges. It is dikelike in its form, being fully 
four hundred yards long and from ten to twenty wide. There 
is a distinct schistosity with its planes parallel to the longer 
axis of the mass which strikes S. 40° W. The dip is high 
at about 75 to the southeast, making an apparent conformity 
with the enclosing porphyritic granite, which is here well foli- 
ated. Within a distance of 300 yards south of this long band, 
and oriented with the longer axis parallel to it, smaller bodies 
of the same rock occur, again completely enclosed by porphy- 
ritic granite. They have the same pronounced structure-planes 
with a similar relation to the foliation of the country rock. 
From the hill top the largest of all these parallel bodies strikes 
toward a larger body of the same rock. Like the other, this 
mass is characterized by a strong gneissic structure. It also pos- 
sesses an elongated form. We have here to deal with a number 
of horses immersed in a once molten magma which chrystallized 


out as porphyritic granite. The patent differences of grain and 
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structure, the sharp boundary between the two rocks, the irreg 
ular thinning and thickening along the length of the inclusions, 
all point to this belief. Here and there, within their boundaries, 
obscure apophysal extensions of the coarser rock may be 
observed. But this conclusion reaches practical certainty when 
the molar contact of the porphyritic granite and the “ Lak« 
Winnipiseogee gneiss”’ is studied. The latter is seen to be pre- 
cisely the same coarse-grained biotite-gneiss as that in the 
inclusions, except for certain differences which can be explained 
is due to exomorphic change wrought by the porphyriti« 
granite. Apophyses of the latter may be seen at the neck or 
isthmus of the peninsula cutting the gneiss. An important rela 
tion subsists between this line and the arrangement of horses on 
the hill Not only are they parallel to one another, but they lie 
parallel to the line of molar contact. 

Transition ve at Centre Harbor.—At Centre Harbor the 
gneiss lies on the east side of the boundary and at some dis 
tance from it is the usual coarse-grained muscovite-biotit« 
rock of the Lake Winnipiseogee gneiss terrane. Its foliatior 
planes strike N. 15° W., and the dip is about 60° easterly. As 
one approaches undoubted porphyritic granite through a dis 
tance of fifteen feet from the contact, one notes the large ortho 
lase and microcline feldspars two inches long, which normally 
ure confined to the porphyritic granite, now scattered through 
the finer-grained rock with their longer axis parallel to its 
schistosity. They grow more numerous as the porphyriti: 
granite is neared, until finally some four or five yards from their 
first appearance, the outcropping rock is typical porphyriti 
granite It possesses the same strike and dip as the gneiss, 
being well foliated [here is thus a complete and slow gradua- 
tion of the one terrane into the other, making it impossible to 
draw any line between them 

Transition sone near New Hampton Station —A similar zone 
of transition between these two terranes occurs a mile and a 
quarter from New Hampton Station on the road running south- 


east from the station [he zone of passage is here much wider 
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than at Centre Harbor, but the properties of its magmalike 
gneiss with the sprinkling of large porphyritic crystals of feld- 
spar are identical with those of the other locality. Asa rule, 
there is a sharp contact between the porphyritic granite and the 
nvaded rocks, like that which in general characterizes plutonic 
bodies. These belts of transition have at first sight a puzzling 
ippearance. That they are, in reality, eruptive contacts seems, 
however, to be unquestionable. Durocher long ago noted such 
in intimate union along the boundary of gneiss cut by stock- 
granite. He considered the temperature of the igneous rock in 
such instances sufficiently high to produce a melting up of the 
gneiss the “ particules”’ of which ‘‘ont da posséder une assez 
grande mobilité, et cristalliser 4 peu prés dans les mémes condi- 
tions que les molécules du magma granitiques.* In his ** Geog 
Beschreibung Bayerns,’’* Giimbel speaks of there being numer- 
ous transitions from ‘“‘ bunter gneiss’’ to “ bunter granit”’ which 
cuts the former. Michel-Lévy has very clearly discussed the 
phenomenon in general. He says: “C’est ici le cas de 
remarquer que lorsque deux grandes masses de roches acides se 
touchent, le plus souvent elles se trouvent réunies par une zone 
de passage plus ou moins puissante, dans laquelle les caractéres 
pétrographiques des deux roches sont, pour ainsi dire, confondus 
t mélangés.* In the same paper from which this quotation has 
een taken, the author cites many examples of such transition, 
umong which that from granite to gneiss’ and that from 
granite to ‘“micro-granulite ”’ may be especially mentioned. He 
explains them as due to an impregnation of the older rock by 
‘les éléments fluides en voie de dégagement ”’ from the igneous 
rock. When the temperature and pressure are suitable, a part 

* Mém, de la Soc. Géol. de France, 2° sér. t. VI, p. 47 

Abtheil. II, p. 272. 

Bull. de la Soc. Géol. de France, 3° sér., t. VII, 1878-9, p. 852. 

+Cf. Ch. Vélain, Conférences de Petrographie. Paris, 1889, p. 6. 

Cf. LEHMANN, Untersuch. iiber die Ent. der alt. kryst. Schiefergesteine, p. 76. 
GREGORY, Q. J. Geol. Soc., 1894, p. 260 ff. BARRow has noted a complete amalga 
mation at the contact of granitite and diorite, of which the former is the intrusive 


member, Q. J. Geol. Soc., 1892, p. 121. 
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of the constituents of the older rock will become mobile and 
will tend to assume the same structure as those of the second 
period of consolidation in the younger rock. 

McMahon pointed out how difficult it was to explain the pres- 
ence of zones of transition about the Dalhousie granite of the 
Himalayas in some places and their absence in others on the 
old metamorphic theory of the central gneiss. He favored 
the opinion that, whether a zone of passage characterizes the 
contact or not, depends on the closeness of mineralogical simi- 
larity between the Dalhousie granite and the invaded strata. 
Only in places where the latter had been regionally metamor- 
phosed did he find the appearance of gradual change from the 
granite into the country rock. The transition zone described 


by Lawson between the Laurentian gneiss and hornblende-schist 


in Rainy Lake region is so similar to the zones of the porphyritic 


granite that it will be well to read his own words on the subject : 
“Within the hornblende-schist, distinctly recognizable as such, 
there may occasionally be detected large crystals of red feldspar, 
which is quite foreign to these rocks, as if the feldspathic magmas 
had penetrated within the schist and crystallized there in the 
same large crystals in which they are wont to appear in the 
coarse gneiss.’ 

[hese authentic determinations of transgressive junctions 
between plainly eruptive rocks and their respective country 
rocks, coupled with the expectation that they should appear in 
contacts of that nature, lead us to follow Gregory ? in concluding 
that they may form a useful criterion for a decision on an 
eruptive origin for massive rocks. So far as this principle is 
concerned then, the porphyritic granite can be eruptive. 

The foregoing description of contact phenomena seems to 
us to indicate that the porphyritic granite has been intruded into 
the schistose rocks which have been grouped together in the 
terrane of the Lake Winnipiseogee gneiss by the survey. This 
conclusion is forced upon one as well in the study of the northern 

* Ann. Rep. Ceol. Surv. Canada, 1887-8, Part. F. p 


S 
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extension of the “ fishhook”’ as in the southern part to which 
attention has been so far called. 

The porphyritic granite in contact with the Montalban group of 
schists —We shall not consider in this place the grounds on 
which the survey has separated the Lake Winnipiseogee gneiss 
from the Montalban group. Our field observations have shown 
us pretty clearly that, although the lithological characters of 
the two terranes may be on the whole different, any distinc- 
tion between them from a supposed difference of age is as yet 
without demonstration. Be this as it may, the problem before 
us can be solved without either proof or disproof of such a 
contention. At many points along the contact, the schists of 


the Montalban group are intersected by apophyses from the 


porphyritic granite, and appear as inclusions in the latter rock. 


The evidences of an intrusive origin for the porphyritic granite 
are of the same nature as in the case of the Lake Winnipise- 
ogee gneiss, and are just as conclusive. 

The Montalban group and porphyritic granite come in con- 
tact along the line running from Long Bay to Great Bay, and 
about one half mile east of Great Bay. Here a number of 
well-marked horses of the neighboring Montalban gneisses 
occur in the porphyritic granite. They possess a thoroughly 
gneissic structure, being as well foliated as their parent mass less 
than a hundred yards away. In this case the horses are not 
elongated ahd do not show any definite relation of position, 
either to one another or to the main contact line. Apophyses 
of porphyritic granite were also discovered along this part of the 
boundary. 

An interesting occurrence of the gneiss appears in the road 
on the north side of Shaw’s hill. It is isolated and completely 
surrounded by porphyritic granite whose nearest molar contact 
is nearly a mile away. This great horse is highly schistose, and 
several tongues of the granite here and there cut across the 
structure planes. The development of garnets in the horse may 
hint at some degree of contact metamorphism. 


A second large horse which is some distance from its parent 
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terrane outcrops one mile anda half north of Holderness on the 
upper road Here a gigantic slice of the country rock, about 
sixty feet wide and three hundred feet long, has been floated 
off and rests with its longer axis north and south, 2. é., parallel 


to the molar contact It is composed of the usual biotite gneiss 


if 


in h a thick sheet of hornblende-gneiss lies embedded, 
making up most of its mass. The latter has itself the appear- 


ance of ‘ing % uptive rock which is thus older than the 


orphyriti Associated with it are a large number of 


smaller biotite eneiss fragments which have no definite arrange- 
ment, bu ke a confused medley of discreet masses in the 
porphyritic rock The whole looks like a huge flow breccia 
Rather more than a half mile further north on the same road, 
there is a breccialike aggregation very similar to the last, even 


its containing hornblende-gneiss folded up in a large mass of 


vards west of where Dr. Dana’s road leaves 


t New Hampton Centre we note another of 


of transition between the porphyritic granite and 
hists in contact with it It is some twenty feet wide, and 


‘ingly similar in appearance to the case already described 
Here the scl ut by intrusive tongues 


harp boundaries pophyses run across 


ic plane S 
extreme eastern end of the Sandwieh Mountains 
ition of about seven hundred feet above the Bear 
1 remarkable flow breccia or “ permeation area’’? 
ome extensive pasture fields. The rock presents 
plutonic flow. The horses are here almost 
-gneiss, some of them massive, both fine- 
grained, others distinctly schistose. Che 
porphyritic gran on the whole granitic in appearance, but 
it the boundaries of the fragments, the feldspar phenocrysts are 
often oriented about them in a way which is strongly suggestive 


ucture The usual trendless nature of its constitu- 


1593, |} 
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ents is also lost in some of the tongues of porphyritic granite 


} 


which penetrate the fragments in all directions. There the 


minerals are pulled out in planes parallel to the walls of the 
intrusion. The source of the hornblendic inclusions was dis- 
covered within a hundred yards of the breccia. An unknown 
thickness of the hornblende-gneiss lies interbedded in the 
biotite-gneiss. This great breccia outcrops at several places 
through a distance of three hundred yards along the base of the 
mountain and is only one hundred yards from the massive 
terrane of the Montalban group, which is continuous all the 


way trom Morgan Mountain. 
[hese occurrences of hornblende-gneiss in the porphyritic 
granite throw light upon the ‘hornblende roc k ’’ which was noted 


by Hitchcock in the Survey Report’ as occurring to the east of 


| ‘ 
Wickwas Pond. It covers altogether about an acre in extent. 
[he rock is a hornblende-gneiss closely related in composition 


to the masses already described. It has a strong schistosity 
which lies parallel to the foliation of the granite enclosing it. 
[he latter sends intrusive tongues into the gneiss which is 
evidently a large floe of the country rock moved far from its 
original sourc« 

Che small oval area of the porphyritic granite on the top of 


Mount Prospect is a stocklike body which suggests from its 


position an intrusive origin. Field study confirms this opinion. 
[he rock is typical of the porphyritic granite in composition, in 
grain, and in the size of the 1enocrysts. Within this por- 


{ 


phyritic granite there are et several horses of the sur- 


rounding Montalban schists. ‘he latter are extensively crum- 


perhaps by the intensity of the granitic intrusion. Again 


pled, 
one can notice the parallelism of the phenocrysts to the margins. 
The porphyritic granite in contact with the Rockingham mica- 


schist— One of the most important localities in the state to 
suggest an intrusive origin for the porphyritic granite is on 


Saddle Hill, where that rock comes in contact with the Rock- 


ingham mica-schist Here the formation is composed of well- 
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foliated, fine-grained, muscovite-biotite-schist with abundant 
mica. The molar contact is found on the eastern end of the 
hill. It strikes N. 25° W., and is parallel to the schistosity of 
the mica-schist and to the pronounced foliation of the por- 
phyritic granite. All the structure planes dip westward at a 
high angle. Going across the strike from the contact toward 
the porphyritic granite a remarkable series of elongated 
horses of the schist interrupt the continuity of the granite. 
They are usually much longer than their width, as, for example, 
a large one 150 feet long by 35 feet wide, which appears on the 
west side of the saddle. In most cases there is a definite ori- 
entation of the horses parallel to the contact line, while the 
foliation of the porphyritic granite wraps around the inclusion 
in a significant way. They are uniformly schistose with that 
structure as well developed as in the main body. Crumpling of 
the horses is also characteristic. For about two hundred yards 
east of the contact, the schist is cut by several intercalated 
sheets of porphyritic granite, varying from five to ten yards in 
thickness. Their phenocrystic feldspars lie parallel to the walls 
between which the sills were intruded. Similar sheets can be 
found in the pasture on the southern flank of the hill and west 
of Randlett Pond. 

Relation of the porphyritic granite to the Waterville eruptives.— 
It is probable that the porphyritic granite is older than all of the 
intrusive rocks of the Waterville Mountains. The contacts were 
discovered in only one place, namely, on the southern slope of 
Mount Whiteface ; there the hornblende-granite composing the 
mountain distinctly cuts the porphyritic granite. In the path 
from the Elliott House, at Waterville, to the top of the Sand- 
wich Dome, many outcrops of several types of granitic rocks 


present a problem of correlation which the writer has had no 


opportunity to solve. It is possible that these rocks are chilled 


phases of the Conway granite; for there is, in the main, a ten- 
dency towards a porphyritic structure throughout, which on the 
one hand becomes more pronounced as one approaches the por- 


phyritic granite, and is entirely lost in the very coarse Conway 
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(hornblende) granite in the bed of the Mad River. If this 
hypothesis be correct, the Conway granite is younger than the 
rphyritic granite, for at about 1800 feet above the river the 


porphyritic phase distinctly cuts the coarser rock. 


The Ashuelot area.—The country rock about the porphyritic 
ranite of the Ashuelot area is referred by the survey to three 
different formations. the Bethlehem gneiss, the schists of the 
Cods group and the Montalban group. Specific reference to this 
irea was made in the second volume of the Survey Report.’ In 

P. 470. 
their general correlation, the survey considered the markedly 
oval form of this and other occurrences of the porphyritic 
rranite as allying it in point of age to similarly shaped masses 
in the Archzan elsewhere. Such a form has a nearer homo- 
logue to the batholites described by Emerson in western Massa- 
chusetts, and as we shall see, these similar forms have similar 
origins. That the porphyritic granite of the Ashuelot area is 
eruptive and of an intrusive nature can be amply proved. We 
shall not attempt to trace the evidence from the contact- 
phenomena, as it might be traced in a complete description of 
the whole boundary. It is of the same nature as that outlined 
for the Winnipiseogee area. With that fact in mind, we have 
considered it expedient to refer to a few only of the possible 
localities which can be readily visited for confirmation of our 
views. 

A representative contact of the porphyritic granite and 
Coés mica-schist outcrops where the boundary line between them 
crosses the road running southwest from Ashuelot over Gun 
Mountain. Here and along the western ridge of Gun Mountain 
the typical biotite-muscovite-schist is strongly charged with 
interbedded actinolite-schist and quartzite. Several apophyses 
of the porphyritic granite cut the schist. One of them, twenty 
feet wide, cuts across the strike, extending a considerable 
distance from the contact before it disappears under the soil- 
cap; another over two feet in width is also well exposed, but lies 


nearly in the planes of schistosity. Horses of schist are embed- 
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ded in the granite, but the overlying loose deposits prevent the 
discovery of any definite arrangement among them. The 
granite itself has a good parallel structure, and it is important to 
note that its structure-planes are conformable in strike and dip 
with those of the adjacent schists. This same conformity was 
several times observed along this western side of the area 
Sometimes, even at the contact, the porphyritic granite is quite 
granitic without a trace of the foliated structure. A good 
example of this appears at the contact on Hall’s hill, near 
Chesterfield factory. At this locality, too, there is no doubt as 
to the relation of the two formations. The intrusive tongues of 
wphyritic granite cut across the schists and associated gneissi< 
bands in a very marked way; the sharp contrast of grain and 
composition enabling one easily to differentiate the igneous 
masses. Occasionally dikes of the porphyritic granite may b 
found traversing the schists at a distance from the contact. At 
the three corners, about a mile south of Chesterfield, numerous 
great veins of coarse pegmatite outcrop and with them occurs a 
set of true porphyritic granite dikes which are probably apophy- 
ses of the main mass, half a mile away. 
kacts of like character refer to the contact with the Beth- 
lehem gneiss on the eastern side of the oval. Field evidence 
shows that the latter is of the same metamorphic epoch to which 
the Coés mica-schist is referred ; thus, the argument regarding 
the better exposed part of the boundary applies to it in its 
entire ty 
Fitswiliam area.—We have seen already that the survey 
suspected an eruptive origin for certain parts of the porphyritic 
granite, and had cited facts from the Fitzwilliam area as in part 


the basis for the conception. The contact line of this little patch 


of the rock is very clear in its teaching. Even more graphic 
than that of the bowlders described in the surv ey report’ is the 
evidence where the rock is in place About a mile southwest 
of the village the porphyritic granite is found in a pasture field 
by the roadside. Included in it are many horses of biotite- 


Vol. Il, p. 471 
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gneiss, some of which are large, being as much as twenty-five 
feet in diameter. Within one of the latter an interesting irregular 
injection of the porphyritic granite is well exposed. One 
feature exceptionally well shown is the fine-graining along the 
margins. At this place, too, dikes of the Concord granite cut 
the porphyritic granite, and the former rock is thus the youngest 
terrane in the region. Since it surrounds the porphyritic granite 
yn all sides, this Fitzwilliam occurrence may itself be a large 
floe brought up from below from a much larger mass. 

The Main area.—Our observations on the Main area were 
xtended only to its southern half. The great thickness of the 
irious glacial deposits make it, on the whole, less satisfactory 
4 a study of contact relations than the Winnipiseogee area. 

\Ve have aimed in the course of a somewhat hasty examination 
» discuss the facts as regards the schists grouped by the survey 
nder the names of the ‘‘ Ferruginous slates,’ and the “ Ferru- 


vinous schists.”’ In both, the rocks consist of two-mica-schists, 


iotite-schist, biotite-gneiss, and muscovite-biotite-gneiss, all of 


vhich may be garnetiferous. Between them we can trace no 


lefinite distinction, either of composition or of age, and the area 
yn the eastern border, marked ‘‘Lake Winnipiseogee gneiss,”’ 
encloses stripes of schistose rocks which are identical with those 

the above-mentioned groups. Here, as often elsewhere, the 
grounds for the subdivision carried out by the survey do not 
ippear in the field. 

The great sill of porphyritic granite to the north and north- 
east of Greenfield has one contact well exposed with interrup 
tions for the distance of amile. It is an intrusive one. The 
granite was erupted into the schists along a plane of foliation, 
and there is the usual development of parallel structure in many 
of its outcrops which accords with that of the walls. The 
intrusion is, on the whole, sheet-like in its form, though in some 
places where the schists are intensely folded, it cuts across their 
structure-planes. In such cases the foliation of the porphyritic 
granite remains parallel to the boundary line. The apophyses 


penetrate the schists irregularly in all directions, generally pay- 
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ing no attention to planes of weakness. They are finer-grained 


than their parent sill, but show here and there a feldspar as much 
as two inches in length. 

One of the most interesting parts of the contacts is that 
which belongs to the area marked “ Lake Winnipiseogee gneiss’ 
by the survey in the towns of Antrim and Hillsboro. It is 
exceptionally well exposed at intervals for a distance of five 
miles, and especially on the long ridge some two miles west of 
Antrim. The name thus given the rock with which the porphy- 
ritic granite here comes in contact is a decided misnomer. Th 
new terrane consists of an ancient metamorphosed eruptive cut- 
ting the ‘ Ferruginous”’ rocks in every way similar to the schists 
that extend from Bennington to Henniker. This complex is 
itself cut by the porphyritic granite. 

The older eruptive rock is a typical coarse granitite containing 
a good deal of muscovite which is all secondary. The quartz is 
the common blue variety of New Hampshire crystallines. Both 
orthoclase and a basic plagioclase occur, but they are generally 
badly decomposed. It is a difficult rock to diagnose thoroughly 
on account of the vast amount of crushing which appears in the 
thin section. The quartz and feldspars are much granulated 
marginally, the unbroken cores showing the characteristic wav) 
extinction. The plagioclase lamellae are often bent through 
large angles. Minute faulting is common in them, and through- 
out the slides the shreds of biotite are bent and twisted in a 
striking manner, while the extinction on the base of biotite 
plates is most irregular. In fact the condition of this rock is in 
marked contrast with that of the porphyritic granite close by. 
Che granite is quite without any signs of serious disturbance ; the 
granitite has endured the very severe mechanical strain of 
extensive mountain-building. Often the signs of developed 
schistosity in this once massive rock are easy to discern in the 
ledges, and these new structure planes strike a few degrees east 
of north, ¢.e¢., they lie in the main parallel to the strike of the 
‘‘Ferruginous’’ terrane. 


Now, within the crushed granitite there is an extraordinary 
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lisplay of inclusions, varying in size from small fragments to 
sses twenty feet square, all of which have evidently been 
rived from the older schists to which they are mineralogically 
| structurally similar. These horses are highly ferruginous, 
1 weather with the same rusty appearance that characterizes 
parent rock. So great is their number in some places that 
ynsiderable stretches are veritable flow breccias. But it is 
ither the remarkable crumpling and other evidences of intense 
ling which attract one’s attention to these outcrops. The 
iverlike horses are very often bent into sigmoid flexures ; 
metimes one is seen to be completely doubled back on itself 


a nearly closed fold. They are usua 


1] 
Li 


y much jointed, and 


here actual movement along a fault plane may throw 


os 


ne part of the inclusion a foot or more out of its normal con- 
nuity While there is not much difference mineralogically 
yetween these inclusions and the rock of the ferruginous terrane, 
et there is some evidence of a metamorphic change due to the 
rranitite \bout one of them, some two feet long and a foot 


ind a half broad, in particular, a two-inch zone filled with large 


‘ 


tites was developed The biotite of the granitite itself is 


yften segregated in large individuals. Many of the horses have 
veen considerably melted up, and it is probably the absorption 
n this way of so much of the iron oxides that conditions the 
haracteristic deep reddish brown color of the weathered granitite. 

[his terrane has but few affinities with the simple Lake 
Winnipiseogee mica-gneisses, where they occur in their normal 
fresh uncrushed habit. No evidence is yet forthcoming that the 
latter are eruptive. Not only do these multitudinous horses 
iptive origin for the granitite, but its actual contact 
with the ferruginous schists was found on Riley Mountain, and it 


prove the ert 


tells the same story. The usual field criteria of the presence of 
horses, apophyses, and intrusive sheets are there exhibited. A 
rock zone of the foregoing description, averaging rather more 
than a quarter of a mile in width, runs southward five miles to 
the Antrim ridge above mentioned, always appearing between 


the porphyritic granite and the main body of schists. 
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At many places along its western margin the porphyritic 


granite cuts the granitite, but often passing into it by a zone of 
transition analogous to those described in the Winnipiseogee 
area. Thus we have added another to the crystalline terranes 
which have been profoundly affected by dynamic processes since 
their formation; they are in this respect to be contrasted with 
the younger relatively unaltered porphyritic granite, and lastly, 
they are of interest not only from their relation to the history of 
igneous activity in the state, but also from the light that they 
throw on the age and origin of the granite. 
REGINALD ALDWORTH DALY 
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THE MEASUREMENT OF FAULTS. 
ACCORDING to the definition given. by Dana, “ faults are dis- 


ylacements along fractures.’’ Whenever the rocks of the earth’s 


crust are subjected to strain, fractures take place in them as in 


ny other body under similar conditions, and the different parts 
of the rock tend to move past one another along the fracture- 
planes, seeking to obtain relief from the strain and to accommo- 
date themselves to new conditions. In this movement one part 
of the fractured rock-mass may move upon the other in any 
direction, up, down, sidewise or obliquely, according to the 
conditions, which are different in each instance. There is, so 
far as I know, no law governing the direction of movement in 
faults which is of any use in geological diagnosis. Naturally, 
when there is any preéxisting plane of weakness of the rock 
which is subjected to strain the movement takes place by prefer- 
ence along this plane; and, hence, in sedimentary beds, it is 
probable that movements along the stratification planes consti- 
tute the commonest variety of faults. Inasmuch, however, as 
the beds in disturbed districts lie in every conceivable position, 
the probability just stated does not give any clew to the average 
attitude of faults. 

The movement in faults can be completely ascertained only 
by the aid of independent and accidental phenomena. In homo- 
geneous rock-masses (leaving out of consideration fault scarps, 
fault gulches, and other topographic phenomena, and treating 
the faulted mass as a solid without boundaries), the amount of 
movement cannot be ascertained or even approximately esti- 
mated ; although the eazstence of a fault can be determined by 
the records left on the slipping surface or surfaces in the shape 
of ground-up rock or fault-breccia, in polished and striated rock 
faces, and so on. It is certain, however, that the amount of 
friction as displayed by trituration and polishing is not neces- 


/ 


>? 
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sarily proportionate to the amount of movement, since faults 
with slight displacement are often accompanied by zones show- 
ing profound trituration, while others of far greater movement 
show to a much less degree the effects of friction. The friction 
in each case seems to depend upon the angle of the chief stress 
to the sliding plane, rather than on the amount of movement 
along this plane. In heterogeneous rocks the amount of move- 
ment of a fi can ordinarily be estimated with more or less 
accuracy, gree of closeness depending upon the nature of 
difference in the composition of the rock-mass. In such heter- 
ogeneous rocks the amount and direction of a fault movement 


must be lged by any available phenomenon or phenomena. 


By far the commonest variations in rock-masses which are con 


stant enough to be reliable as data are sedimentary beds, and 
therefore the commonest means of measuring a fault movement 
is the separation of the two parts of an originally continuous 
stratum. On this account it is easy to fall into the error of 
considering faults simply as dislocations of strata. In careful 
geological work, however, such as mining work must necessarily 


be, it is important to cultivate a more correct conception, and to 


regard sedimentary beds as phenomena accidentally associated 
with faulting, whose dislocation must be associated with all othe: 
available criteria, each one as valuable as the other, to deter- 
mine the amount and direction of the total movement or dis- 
placement Any fault, for example, in which the direction of 
movement is parallel with the plane of sedimentation will not 
cause any apparent displacement in a sedimentary bed ; and this 
may be the case in faults having any conceivable attitude, since 
the sedimentary beds themselves may be folded so as to stand 
in any conceivable attitude with reference to any fixed plane, 
such as the earth’s surface. 

When the direction of movement in a fault lies at a slight 
angle to the piane of sedimentation, the apparent displacement 
of a stratum resulting from this fault will be only a slight part 
of the actual fault movement; and it is only when the direction 


of movement is perpendicular to the plane of sedimentation that 





measurement of the movement. 
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an accurate 


separation of the parts of the faulted stratum is 
Theoretically speaking, the 
hances are infinitely against any such coincidence, and in actual 
ictice it is rare that the movement may be even approximately 
timated in this way. In mining geology it has been found 
t the most valuable criteria for measuring faults are, besides 

mentary beds, igneous bodies, such as dikes; bodies of ore; 
rie on the fault plane, showing the direction of movement ; 
d the composition of the fault breccia, which may show, in 
By taking several of 


| the amount of movement. 


me aegree, 
ese criteria together it is often possible to actually ascertain 


movement of a fault. 
It is sometimes possible to find out the amount and direction 


but more often it must be indirectly 


tne 


f movement immediately ; 
1, and to do this it is important to have clearly in mind 


ilculated 


he nature and value of some of the principal functions of a fault 


movement, and to have specific terms by which to designate 
them. The terms already in use are of a rather vague and gen- 
eral character, resulting from the usual conception of a fault as 


1. dislocation of strata ; 


t 


the four generally employed are ds- 
placement, throw, heave, and offset. The words displacement and 
are used interchangeably, and commonly refer to the 
Each 


PUU 


separation of beds by a fault as seen ina vertical section. 
of these terms is used by some to indicate the distance along 
the fault plane between the broken ends of the bed as seen in the 
section, and sometimes the perpendicular distance between the 
parts of such beds, projected, if necessary. There is no agree- 
ment, however, which definitely assigns the terms to separate 
measurements, and, indeed, it is very common for a writer to use 


Heave 


the terms interchangeably for one or the other function. 
and offset are also used interchangeably, and are usually held to 


signify the perpendicular distance measured on a horizontal 


plane, such as the earth’s surface, between portions, projected, 
if necessary, of a bed separated by a fault. 
In mining work it is generally necessary to clearly differen- 


tiate the different functions of a fault movement, and I have 
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adopted the following terms descriptive of the most important 
of these; these terms include nothing very novel in the way of 
nomenclature, but are intended simply to affix definite names to 
definite things 

Dislocation and displacement are general terms, applicable to 
any part or the whole of a fault movement. Each of the func- 
tions defined below, and to which specific names are given, may 
be called simply a dislocation or displacement. 

Total displacement is the distance which two points originall 
adjacent are separated by the fault movement; the line connect 
ing these two points lies in the fault plane in all straight faults 
It is occasionally possible to determine the total displacement 
directly by such criteria as the separation of the parts of an or 
body, the intersection of a given dike with a given stratum wher 
found on both sides of the fault, and in other ways; but ordina 
rily it can only be calculated or approximately estimated fron 
some of its more easily measured functions. 

The lateral separation is the perpendicular or shortest distanc: 
between the two parts of any continuous zonal body (such as a 
sedimentary bed), which has been separated by a fault, the dis 
tance being measured along the fault plane. The lateral separa- 
tion may be measured in a vertical, horizontal, or oblique line, 
according to the attitude of the bodies between which it is meas- 
ured, and in any fault it may vary from zero to the total dis 
placement In the case of dikes cutting sedimentary beds, of 
marked unconformity, of abrupt folds, and so on, it may be pos 
sible to measure two or more lateral separations in a single fault 


In this case, and 


na number of others which are possible, the 
total displacement may often be calculated from the lateral 
separation, since the latter is always the side of a right triangle 
of which the former is the hypotenuse 

The perpendicular separation is the perpendicular distance 
between corresponding planes in the two parts of any single body 
available as criterion (such as a sedimentary bed), when this 
body has been separated by a fault, the planes on each side of 


the fault being projected for the purpose of measuring, if neces- 
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sary. The perpendicular separation thus has a certain relation to 
the lateral separation; for it constitutes a side of a right triangle, 
the hypotenuse of which is the lateral separation, except in the 
possible case where the perpendicular and lateral separations 
coincide. 

This mathematical relation makes it often possible to estimate 
the lateral separation from the perpendicular separation, and from 
the latter the total displacement. Of these three functions, the 
perpendicular separation is most easy of measurement, and its 

ilue may vary from zero to the full amount of lateral separation. 
[he lateral separation is easier to ascertain than the total dis- 
placement, and its value may vary from zero to the total displace- 
nent, 

The measurements which have been defined have no constant 
direction, since they refer to fault movements which are capable 
of infinite variation. In general geological work, however, it is 
often only possible to measure fault movements along certain 
arbitrary planes. The most valuable of these planes, are the 
earth’s surface, which may be considered a horizontal plane, and 
vertical sections, into which available data are put, with the gaps in 
the chain of information often theoretically filled out. In such 
cases, where some dislocation is evident, but the information is 
so meager that it is not possible to know the fault so accurately 
as to estimate even approximately its total displacement or lat- 
eral or perpendicular separation, it is necessary to employ spe- 
cific terms to designate the known or estimated dislocations, 
ilthough the relations of these dislocations to the total displace- 
ment may be unknown. For this purpose the terms offset, throw 
and vertical separation may be used. The terms ¢hrow and verti- 
cal separation are applied to the dislocations of a fault as seen in 
a vertical section; the term offset to the dislocation as seen in 
a horizontal section, such as the earth’s surface may be con- 
sidered to be. 

A throw may be defined as the distance between the two 
parts of any body available as a criterion (such as a sedimentary 


bed), when these parts have been separated by a fault, the dis- 
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tance being measured along the fault plane as shown in a verti- 
cal section. 

The vertical separation is the perpendicular distance betwee 
the intersection of the two parts of any faulted body available 
as a criterion (such as a sedimentary bed), with the plane ot 
vertical section, the lines of intersection being rrojected if nece 
sary for the purpose of measurement In perpendicular fau 
the vertical separation is identical with the throw; in all othe: 
it is less than the throw, but sustains a certain relationship to it 
being one side of a right triangle of which the throw is the hypot« 


nus¢ Thus the vertical separation may vary from zero to the ft 


amount of the throw. The throw is always a part of the tota 


displacement, although with no definite relationship to it, an 
varies from zero to the full total displacement. 
[he term offse¢ may be used to designate the perpendicular 


distance between the intersections of corresponding plane 


1 ; 


the two parts of any faulted body available as a criterion, such 


as a sedimentary bed, with a horizontal planes such as _ thx 
earth’s surface may be considered to be; the planes being pro 
purpose of measuring, if necessary. Like th 
offset is a part of the total displacement, but 
onship to it. 
are six terms proposed to designate the differ- 
movement, each term applying to a measure- 
uracy and proximity to the total dis 
to the available amount of information. 
where accurate data are not obtainable, 
referring to the measure- 
section with a vertical plane, and the 
isurement of a fault at its intersection 
The throw and offset are 
lt movement, but of unknown value, while 


the vertical displacement sustains a certain relationship to the 


I 


throw. Where more complete data are obtainable, the terms 
ateral separation, and perpendicular separation are 


, , 


1 


adopted. The perpendicular separation sustains a certain rela- 
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nship to the lateral separation, as the lateral separation does 


1 


» the total displacement. 

The terms which have been adopted above have purposely 
en made as few as is consistent with the plan of furnishing a 
heme for complete fault-analysis. The number might be 
reased indefinitely ; yet ordinarily this is undesirable, for most 
ther fault measurements are simple mathematical functions of 
e terms above adopted, and can be easily reduced to one of 
ese; and the great multiplication of terms leads to confusion 
1 study which is at best not too simple. In specific instances, 
ywever, it may be desirable to increase the number of terms, and 
give separate names to other fault measurements. 

J. EpwWarD Spurr. 











THE DRIFT AND GEOLOGIC TIME 




























ASSUMING the correctness of the ice-sheet or glacier theor 


of the origin of the drift which, according to one supposed t 
be of high geological authority,’ “‘has passed from the region « 
hypothesis to that of demonstration, and should form the basis 
of all reasoning on the subject,” there are still many problems 


that are open to discussion and in regard to which writers widel\ 


i 
1 } 
| 


iry in their opinions and statements. One of these is the laps« 
of time between the beginning and the end of the period, that 
portion of geologic time required to prepare for and lay down 
the drift deposits and to return to present climatic and physical 
conditions. Of late years there has been a tendency in some 
luce the estimated length of this period. Accord- 
ing to Prestwich? 25, to 35,0¢ years would suffice for th: 
whole period of formation and retreat of the ice-sheet. Pro 
fessor Wright endorses this estimate,? and Warren Upham * even 
ibbreviates it a little, allowing only 20,000 or 30,000 years for 
hea al glacial period, and 6000 to 10,000 years for the since« 
ntervening time Becker,’ figuring on astronomical data, thinks 
that ynditions favoring the glaciation of the territory covered 
he drift may have existed within 40,000 years, and presum- 
ibly gives that as the probable outside figure for their occur- 
On the other hand, perhaps the larger number of glacialists 
have allowed in their estimates very much longer periods. To 


say nothing of Croll, Ramsay, Geikie, and earlier writers, we 


G M ; Ww st D IV, Vol. IV, 75, February 1897. (Review of 
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have, amongst recent writers, R. Bell,* who thinks the estimates 
of the above-mentioned authors mof excessive. Chamberlin’ 
estimates the lapse of time since the Kansan epoch to be equal 
fifteen times the lapse since the last epoch, which would give 
high figure for the whole period on any tenable estimate of 
1is last factor, and to this is to be added an undetermined num- 

r of years for the pre-Aftonian (Albertan) stage. Penck, at 
recent Toronto meeting of the British Association, is reported 
have allowed at least 500,000 years for the glacial epoch, 
luding all the interglacial stages, and very recently F. B. 


lor,3 in an article on the moraines of recession of the latest 


Wisconsin) ice-sheet, gives as his estimate of the time required 
r the retreat of this single ice invasion from the latitude of 
ncinnati to the straits of Mackinac, a period of from 75,000 

150,000 years. Adding to this an equal lapse of time for its 
lvance, and we have an estimate of 150,000 to 300,000 years 


r the whole time occupied by this most recent member of the 


In addition to the actual periods of the ice oc¢ upancy of the 


rritory we have to reckon in the interglacial epochs of which 
ere is considerable evidence, and which must materially add 
the length of Pleistocene tim«¢ I have not seen many esti- 


J 


quired by these, the most noteworthy cne 
veing that of Professor McGee, of the time required for the 


f the forest bed overlying the earlier lowa till. 


faking for his unit the period of written history, the very 
east figure he gives for this formation is about 112,000 years, 
ind this is far exceeded by his estimate of its possible maximum 
luration. The thickness of some of these intercalated beds 


vould naturally indicate a considerable period for their deposi- 
tion, but McGee’s estimate certainly seems an extreme one, and 
is the more noticeable when considered in connection with the 
relatively very short allowance of time he has given for the ice 
invasions themselves, even allowing, as we should, that he is 


* Bull. Am, Ge Soc., I, 295. Jour. GEOL., V, 1897, July-August. 
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considering only the peripheral portion of the ice-sheet and not 
its greatest development. The length of the interglacial epoch 
must in any case enter as a very important element in our esti- 
mates of the total time required for the deposition of the drift, 
and the limited data from exposures are at best more suggestive 
than definite in the information they convey as to this point. 
With these divergent views as to geologic time it would not 
appear as if the glacier theory afforded a very satisfactory basis 
upon this particular phase of the subject. There 


reasoning 


certainly seem to be decided difficulties in utilizing the drift 
phenomena for the measurement of geologic time, each appar 
ently possible solution of the difficulty seeming to present still 
more impossible problems. Some of the estimates made appear 
to be compromises, therefore, or alternatives, accepted only as 
better than something else. Thus Prestwich and Wright find it 
easier to limit the duration of the glacial period than to admit 


the possibility of man having existed 80,000 years on the earth, 


or that the fauna or flora of today could possibly be the same as 


that of 240,000 years ago. The elements of individual prepos- 
session and mental idiosyncrasy enter largely into the considera- 
tion of scientific questions, and all the more into such as this 
where the chances of legitimate difference of opinion are 
SO ample 

It is the object of this paper to call attention to the method 
of calculating geologic time by the transportation of erratics, a 
method that has up to the present time hardly received the 
attention it deserves in the literature of the subject. It is at 
first sight a little remarkable that this should be the case. That 
some at least of those who have alluded to it appear to have dis- 
credited its value is also remarkable, as any method that adds 
any degree of certainty to our estimates ought to be regarded 
as a boon to science. While, as I shall attempt to demonstrate, 
it has its value even with the rather indefinite notions we have 
hitherto had as to the flow of continental glaciers, recent 
researches by Chamberlin and others on the Greenland ice-sheet 


have added very much to its importance and applicability. We 
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have by it at the present time the data which enable us to form 


f e€ minimum estimate of the time required for the depo- 


l le fil 
tion of the drift in North America, on the presumption that 
If it 


iit 


; was done through the agency of land-ice, or glaciers. 
issumed that the drift was water laid, either altogether or to 


lerable extent, altogether different elements enter into 


consid 


1 affect the calculation, but that is not the assumption of the 


resent paper. 
It is perhaps conceivable that the climatic conditions during 


formation of the ice-sheet were such that it was deposited 
precipitation simultaneously over the greater part of the 


1 it occupied. The névé, in other words, might have been 


most coterminous with the glacier, only a narrow external rim 


ing excluded. The evidence, however, of motion throughout 


t least the greater part of its extent is afforded by the erratics 


any of which have traveled 600 or 700 miles or even more 


rom their original beds. <A bit of jasper conglomerate found 


th of Cincinnati must clearly have traveled from the north 


hore of Lake Huron, and fragments of Archzan or eruptive 


rocks found abundantly along the southern limit of the drift in 
Illinois could have had no nearer source than northern Wisconsin 


500 or 600 miles away, if indeed they have not a still more north- 


ern origin. 


A bowlder or pebble from the north shore of Lake 


Superior, if found in southern Illinois, would have traveled nearly 


or quite 800 miles, and while | am not sure that any such have 
been identified, their occurrence there is altogether within the 
bounds of probability. Such erratics, according to the glacier 
theory, must have been conveyed as subglacial or intraglacial 
detritus and must have progressed with the ice certainly at no 
greater rate than the ice itself and almost certainly at a much 


slower one. We have no certain evidence what the progress of 
the glacier was, but it could not have been a rapid one. In exist- 
ing glaciers the most rapid rate of motion is about seventy-five 
feet a day, but this occurs only during one or two months in 
summer, and in two or three exceptional Greenland glaciers 


where the ice, so to speak, is under pressure down a favorably 
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inclined valley from the great Greenland ice-cap, the neares 


] 
\ 


analogue to the immense glaciers of the drift period with which 


we have at present any Satisfactory acquaintance. 


flowing glaciers are exceptional in Greenland, where the genera 


movement of is unquestionably very slow. They can bi 
| ; : i 


These rapi: 


compared to rapids at the outlet of a lake. The Greenland ic 


vertops the bordering mountains, and yet in only som: 
th 


seventeen places alon e whole Danish Greenland coast ar 


there free outflows to the sea. While we know less of the othe 


portions of the coast the general character is the same; a rapi 


i 


motion is exceptional and it is a reasonable certainty —to quot 
Tavlor' whose paper contains the latest discussion on this ice motio1 
the average movement of that portion of the border ot 


cap that ts upon the land is extremely smal 


ind 1C¢ 


I a small fraction ha 


Of that portion which ends in the sea only 
of motion, as is shown by the lack of activity in th 

When it is considered that the lane 
greater than the sea border, and that of th: 
relatively slow movement, it will be 
of movement of the great ice-sheet 
and the average rate of this bordet 

to the border movement of the 


f the ancient American or Lauren 


e, when we consider that the Greenland 


ng a small portion of its border 
ind that the average movement 

» believe that towards its interior the 
almost imperceptible—almost if not 
Antarctic ice-cap is very little known 
must also be very slow, judging from 
\ll the icebergs of the North Atlantic 
few Greenland glaciers, making up 
fraction of the whole Greenland coast 


other hand, we know of hundreds of 
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ntinuous ice cliffs ending directly in water hundreds 


t 
if 


es Of COT 


reason to believe that this is only a 


¥§ fathoms deep, and have 


n of what exists, and yet icebergs are sometimes almost 


di 
1 the southern seas for years atatime. Again there 


iT t 


I 


ears in which they are abundant and extraordinary in 


time is their quantity comparable to what ought 


were the discharge anything like a free one along the 
It can be reasonably assumed, therefore, from what we 
.ovement of the southern ice-cap is 


favoring conditions 


g over four million 
safely assumed to have hada 
is slow as that of the Green- 

iestion arises, and is not 


! 


, : , = 
Y answerable, ) it had any motion at all, 


had less play than in Greenland, for instead 


more than three hundred miles from the 


nowhere 
one eighteen hundred or two thousand miles in 


Antarct 


1 very few ber 
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diameter and one in which no reasonably supposable elevation 


could give a uniform slope varying appreciably from the hori 
zontal \n elevation at the center of radiation of ten thousand 
feet (which is much beyond the most favorable interpretation 
which any known data will bear) with an ice-cap of as much more, 
would only make a slope of under half a degree in eight hun- 
dred miles, and of considerably less in some directions to th« 
outer limits of the ice. Some glacialists, however, are liberal in 
their allowances of earth movement to account for the flow of 


the 


glacier. Mr. Upham," for example, thinks that the strong 
current needed to transport bowlders from the southeast shore 
of Hudson Bay one thousand miles southwestward to southern 
Minnesota, would require a slope of at least fifty feet or more 
per mile, apparently unmindful of the fact that such a slope for 
the given distance would require an elevation of the ice-cap to 
the height of 50,000 feet, where precipitation would, if it 
occurred at all, probably be so slight as to seriously embarrass 
the formation of any considerable ice-cap whatever. It is not 
probable, however, that there was any uniform slope over the 
glacial field, and whatever effect was produced by gravitation 
could not be such as would cause a rapid motion of the ice, 
‘faster than the Swiss glaciers.” The other theories that have 
been invoked for the glacier motion, the effects of thawing and 
tree ing, ¢xpansion under varying temperatures, etc., are none 
of them, we think, counted as sufficient to cause rapid movement 
in so large a mass, as a whole, even by their upholders, and such 
estimates as two to five feet per day are hardly based upon a 
due consideration of the probable or possible physical condi- 
tions Dana's 3 estimate that “the rate of motion could hardly 
have exceeded a foot a day, and may have been in most parts 
no more than a foot a week’ is much more likely to be near the 
truth. Ice, except under special conditions of pressure or vs @ 


tergo, barely moves on a slope of one degree, and an average slope 
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of a quarter of a degree for a thousand miles would require an 
levation at the point of origin of the flow of something approach- 
ing five miles. The probability, and we may say the certainty, is 
that the slope was not uniform and that over large distances the 
ice traveled over dead levels, and in parts even stagnated, the 
pper part flowing over the lower débris-laden portions. That 
the contained débris has a retarding influence on the flow of 
glaciers has been urged by O. P. Hay,’ I. C. Russell,? and R. D. 
Salisbury,3 and it appears that this may even cause absolute stag- 
nation under some circumstances. Even detached erratics seem 
to progress more slowly than the body of the ice in certain 
nstances; witness the well-known observation of Professor W. 
H. Niles+ on the Aletsch glacier where ice moved so much more 
rapidly than a contained bowlder as to leave a free tunnel for a 
onsiderable distance on its lee side. Even lighter substances 
appear to be occasionally retarded in their progress as compared 
with the ice. Recognizable remains of buried travelers have 
been taken out of Alpine glaciers even hundreds of years after 
their loss. It is impossible, therefore, to claim that these errat- 
ics could have traveled at the same rate as the surface of the 
glacier, and when we consider that they bear the marks of hav- 
ing been subjected to scouring in the ground moraine that has 
left their surfaces flattened and striated, the probability of such 
a rate of progression is certainly very much diminished. 
Allowing a flow of two feet per day to the ice-sheet, which is 
undoubtedly far above the real rate of the ice movement, it would 


require 7200 years for Mr. Upham’s bowlder to travel its thousand 


> 


miles from Hudson Bay to southern Minnesota, and this with- 


out any delay from friction or attrition in the ground morainc, 


yr stagnation in the lower strata of the ice. Taking, also, into 


iccount the fact that the northern erratics are found at all dis- 


er., XXXIV, 52, 
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tances from their point of origin and at all levels in the drift, it 
seems sufficiently clear that we cannot measure the duration of 
any single ice invasion by the period required for the transpor- 
tation of a single erratic from its northern origin to its oute: 
verge, even allowing for all the retardation in the ground 
moraine Every one of the Archzan fragments so commonl\ 
seen along the southern borders or the drift must have required 
some four thousand years, even if we allow it to have advanced 
two feet a day, to reach its present position and probably 
much longer period, for there is no good reason to suppose that 
the mass of the ice-sheet itself advanced at any such rate. W 
can also allow a somewhat more rapid transportation of débri 
near the margins by floods, subglacial drainage, etc., and yet 
find our time limit tending to be too small. The Alpine an 
Scandinavian glaciers, with their steep gradients affording ful 
play to the action of gravity, move on an average only a few 
inches a day How the continental glacier derived its move 
ment, except at its elevated origin and near its periphery, is on 
of the questions that no one has yet satisfactorily answered, an 
the inevitable conclusion from the known facts is that whil 
motion undoubtedly occurred it must have been extremely slow 
The formation of the ground moraine must have required a 
very prolonged period of time, involving as it did the grinding 
up and working over of the rocks and other material that 
together make up the till. It does not matter whether it is hel 
that it was mainly deposited under the ice-sheet by stagnatior 
of contained débris, as suggested by O. P. Hay,’ or as a contin 
uous terminal moraine as the glacier retreated, as was held by 
Newberry In either case a long time must have been required 
In what has been said I have tried to show that a great ice 
sheet thousands of feet in thickness, extending over a thir 
of a continent, expanding from its center in the direction of 
least resistance towards its periphery, having over the greater: 


portion of its area a very slight slope, and probably none at al 
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in parts; hampered by inequalities of the underlying surface 
ind by the detritus it shears off from these, must have had a 
very slow, though irresistible, progress; and that, accepting the 
xistence of such an ice-sheet and taking account of this slow 
rate of progression, the contained erratics, whose origin can be 
dentified by the situations in which they are found and the dis- 
tances they have traveled, will afford a better means of making 
in approximate minimum estimate of the duration of the Pleis- 
tocene period than any other at our command. By this we can 
issure ourselves with almost absolute certainty that a single ice 
nvasion could not have taken place carrying a single erratic 
from north of the lakes to the southern limit of the drift in less 
than four or five thousand years, and this without taking any 
iccount of the time required for the change of climate, the 
gradual gathering of the ice, its recession, the probable slowe1 
motion of the erratics than of the ice mass as a whole, or its 
retardation by friction, as evidenced by its facetted and striated 
surfaces. Taking all these into the reckoning, we ought, it 
would seem, to triple or quadruple the time; and if, instead of 
taking the highest estimates of glacier motion, we accept the 
more reasonable and probable ones, the period will be still more 
prolonged. It is difficult to see how, under these circumstances, 
a single ice invasion could have begun and run its course within 
the limits of less than thirty or forty thousand years; and if we 
accept Dana’s estimate of the glacier flow at one foot a day for 
a maximum, and one foot a week as a possibility, we would have 
to carry our figures very much higher. We have, however, 
according to some of the highest authorities, Chamberlin, Lev- 
erett, and others, five separate ice invasions to account for, 
besides interglacial periods of possibly equal or greater duration ; 
and this greatly magnifies the necessary estimate of time for the 
whole glacial period. One of these ice invasions appears to have 
transported bowlders one thousand miles, which, at the liberal 
rate of two feet per day, would require 7200 years, and the 
others, from the average extreme distance to which erratics were 


transported, will equal certainly 500 miles, which would require 
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3600 years, or, in the aggregate, 14,400 years. The total, 
therefore would be, in round numbers, about 22,000 years for 
the mere transportation of a single erratic in each invasion, and 
that at an improbable rate of speed and without any allowance 
whatever for the time occupied in the formation, culmination, or 
retreat of the glacier, or for interglacial periods. It is suffi- 
ciently evident from these figures that the ice-sheet theory of 
the till formation is utterly incompatible with such estimates as 
those of Prestwich and Wright, which give the whole glacial 
period a duration of only 20,000 to 40,000 years. 

It has been matter of surprise to me that so little weight has 
been given by authorities to the arguments from the calculation 
of the transportation of erratics in the estimation of the dura- 
tion of the glacial period, Most of them absolutely ignore, o! 
at least fail to utilize it, and those who do allude to it at all, 
like Helland,' give it only the briefest and most casual men- 
tion. It appears to me to be the one method by which we can 
obtain, not the actual, but the utmost possible minimum of 
duration of such an ice-sheet as the generally accepted glacial 
theory demands 

Professor W. J. Crosby* has offered the suggestion that, as 
the great mass of the rock débris of the till is local and has never 
traveled far from its place of origin, the northern erratics were 


transported largely by water in the glacial lakes that formed 


along the borders of the ice-sheet. Inasmuch as these are found 
throughout the till at all levels, his suggestion amounts practi- 
cally to an admission that the whole mass in which they are dis- 


seminated was thus deposited, which is altogether inconsistent 
with the general tenor of his argument, and is almost, if not 


lite, equivalent to giving up the land-ice theory of the deposi- 


It may be worth while here to notice one or two estimates 
yr statements in regard to the duration of certain stages of the 
acial period by prominent glacialists. The recent estimate of 


XXXI, p. 76, 1879 
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F. B. Taylor of from 75,000 to 150,000°years for the recession 
of the Wisconsin ice-sheet from Cincinnati to Mackinac has been 
already alluded to in the early part of this paper. As against 
this apparently large, but possibly not too large estimate (that 


s, admitting the land-ice formation of the Wisconsin drift), it 


is interesting to quote Wright and Upham’s* dictum that “the 
late divisions of the glacial period were far shorter than its 
Kansan, Aftonian and lowan stages,” and the estimate of Cham- 
berlin? that makes the ratio of time to the present from the 
earliest Wisconsin and from the Kansan stages as 2% and 15 


4 
Ya 
respectively, leaving an undetermined figure for the still earlier 


} 
| 
i 


portion of the glacial period. That would make, according to 
Taylor’s figuring of 150,000 to 300,000 years for the Wisconsin 
invasion and retreat, a period of somewhere between 900,000 
and 1,800,000 years back to the beginning of the Kansan drift. 
These figures are, it is true, rather staggering, but it is not abso- 
lutely necessary to accept the two estimates and combine them. 
There may be other ways of reckoning the duration of the sepa- 
rate stages of the drift. Certain it is at least that neither of these 
uuthors is to be held responsible for the estimates of the other, 
or the combination of the two. 

In conclusion, the reasoning of this article may be summar- 
ized as follows: 

The estimates of the duration of the glacial period by promi- 
nent geologists vary almost as widely as possible. It is probably 
useless to attempt to obtain any approximate estimate of its 
maximum duration, but we have in the transportation of erratics 
a simple method by which an ultimate minimum of the time 
occupied may be obtained. Accepting the land ice hypothesis 
of the deposition of the till, we must from all analogies, and all 
our knowledge of glaciers and ice-caps, admit that the motion of 
the ice-sheet was slow, and that it probably did not exceed a few 
inches a day ; indeed, apart from the evidence of the till and its 
contained erratics, it is hard to find any grounds for belief in its 
motion over large proportions of the occupied territory. Erratics 
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that are known to have been transported distances of from so 
to 1000 miles could not have traveled faster than the main body 
of the ice, and must, as we know from the evidences they bear 
of retardation and friction, have traveled much more slowly, 
Even allowing the extravagant estimate of two feet per diem for 
the ice movement throughout (and the recent investigations ot 
Chamberlin and others on the Greenland ice-cap have demo1 

strated that this is an improbability) we can demonstrate that 
a single invasion competent for the transportation of a sing] 
erratic from its northern source to the southern limits of the 
drift would have required a px riod of from 15,000 to 20,0¢ 

years.' If we admit, as is more reasonable, that the averag: 
ice motion was much less than this,—probably not over a ver) 
few inches per diem, we will have to more than quadruple th 

estimate Taking into account, however, the inevitable concl 

sion that the duration of a single ice invasion was not limited t 
the conveyance of a single erratic or simultaneous group of 
erratics, and that there were, in all probability, several of thes« 
invasions with intermediate periods of sufficient length to allow 
the development of extensive forests and the accumulation « 


heavy deposits of vegetable mold, indicating a lapse of proba 


bly many thousand years, we are compelled to multiply th 
ibove figures by an indefinite multiplier The outcome in any 
case is that the brief duration allowed for the glacial period by 
some recent authorities is absolutely incompatible with the evi 
dence of erratics, according to the land ice or glacier theory ol 


the deposition of the drift 


I not in n irgument taker int of the wness of advance of the ic 
n t I ‘ n ting the total. Opposed to each year 
var there must ve been a summer's melting, and judging from the evidence 
e Gre und ice p, tl tter element must have been of considerable importance 
The Gre ul e-sheet har gail t all upon the unoccupied land even in Nort 
Greenland, t | ull escaping by the few glacial outlets which are much le 
tive than t South Greenland In the case of the Laurentide glacier trencl 
ny upon a tai temperate region w tha ng immer, the estival melting must have 
en quite marke rhe additional transportation by flood torrents, etc., can be est 
extent of the t posits a mpared with glacial strix, which even in 
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I have not attempted in this article to exhaustively discuss 
the evidence of the slow motion of the ice in the Laurentide 
rlacier. Much more could have been said on that point, but any- 
yne who has followed the recently published studies of glacial 
phenomena in Greenland by Chamberlin, Salisbury, and others, : 
will be able to supply most of the deficiencies in my argument. 
[he present paper is simply the statement of views that were 
suggested by a consideration of some aspects of the glacial 
theory as an amateur geologist. 
I wish to also acknowledge here my indebtedness to Profes- 
wx T. C. Chamberlin for valuable suggestions on certain points 


re discussed 


H. M. Bannister, M.D 
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ON THE PRESENCE OF PROBLEMATIC FOSSIL 
MEDUSA: IN THE NIAGARA LIMESTONE 


OF NORTHERN ILLINOIS. 





For more than a year past my attention has been directed to 
some peculiar fossils from the dolomitic Niagara limestone of 
northern Illinois, in the collections of Walker Museum at th: 
University of Chicago and of the Chicago Academy of Science. 
The exact horizon and location from which the specimens wert 
obtained have in no case been recorded, but the general local- 
ity for them all is Joliet, Ill. Additional specimens have recently 
been secured from the excavations of the Chicago drain- 
age canal, by Mr. L. H. Hyde, ot Joliet, and these have been 
kindly loaned for study. 

The complete specimens of this peculiar fossil are disk-like 
impressions, subcircular in general outline, with the periphery 
lobed, and with the surface radiately corrugated or smooth. In 
the center of the disk is a funnel-shaped depression and from 


the center of this depression a stemlike process rises to about 


the general level of the surface of the disk. The disk is divided 


by four ridges, radiating at right angles from the center, into fou 
quadrants Che entire disk is rarely preserved intact, the larget 


number of specimens being the separate triangular quadrants 


Several species are represented in the collection which differ in 
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lobing of the periphery and in the ornamentation of the disk. 

\s in the case of most of the fossils in this formation, the actual 
ibstance has been dissolved out leaving a mold in the rock, 
| the specimens which have been collected are generally but 

1e side of a thin disklike cavity. None of the specimens have 
been actually observed 7m sz/u, but it is believed that the speci- 
nens usually collected, viz., those with the central depression 
nd elevation, are the lower sides of such cavities. The upper 
les are not so striking in appearance, and have usually not 
een preserved by collectors. A few have been observed, how- 
ever, and they differ from the lower sides in being nearly plane 
ver the central part, the funnel-shaped central depression with 
the central stemlike process being absent. Figure A represents 
liagramatically a cross-section of the fossil, cutting the disk 


diametrically. 





ery of the disk f the funnel-shaped depres 


n the center of the wer side the stemlike elevation in the center of the 


In examining the literature, two references have been found 
to fossils similar to those under consideration. The first of 
these is in the Twentieth Report of the Regents of the New 
York State Cabinet of Natural History, where Dr. James Hall, 
on Plate XI, Fig. 18, gives an illustration of a similar fossil, also 
from the Niagara limestone. No description of the specimen is 
published further than the note in the explanations of the plate, 
which is as follows: ‘‘The calyx of a Crinoidean ? of a new and 
peculiar type, for which I suggest the name Cryptodiscus.” No 
locality for the specimen is given, but the species in the accom- 
panying paper are all from southeastern Wisconsin or northern 
Illinois. 

Ata more recent date, in the Eighteenth Report on the Geol- 
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ogy and Natural History of Indiana, Mr. S. A. Miller has illus- 
trated a single quadrant of a similar fossil from the Niagara lime- 
stone at St. Paul, Ind. A short description is published, but no 


name 


s given to it. Mr. Miller states in his description that he 
has seen a similar fossil from the Niagara limestone near Chi 
cago, circular in outline, and made up of four such segments as 
he illustrates from St. Paul. The fossil he had in mind is doubt- 
less one of those illustrated in the present paper. 

Since the fossil to which Hall gave the name Cryftodiscus is 
without doubt a form similar to those under discussion, his 
name will be used in their description, although it has never 
been properly published 

No satisfactory explanation of the nature of Cryptodiscus has 
been given by either Hall or Miller Hall’s statement with a 

ery, that it is the calyx of a crinoidean can hardly be correct as 
the quadrangular symmetry is unlike that of the corresponding 
part of any crinoid Miller states that some collectors have con 
sidered the fossil to be the operculum of a coral, but he himselt 
does not seem to regard this inte rpretation of it as the correct one 
The genus Gontophyllum is the only coral possessing an operculun 
of tour triangular pl ites, but Cryftodiscus, from the configuration 
of the disk, need not be compared with the operculum of Gont 
bhyl, (7 

\fter a careful consideration I am led to believe that these 
peculiar fossils may be the remains of medusz. Though the mod- 


ern jellyfish are often of large size, they are singularly unfitted 


for preservation as fossils because of the entire absence of hard 
arts Under favorable conditions, however, impressions of 
] ] } ] 7 
unisms have been preserved which admit of syste 
matic determination. Such impressions have been described 


from the Upper Jurassic and the Upper Cretaceous in Europe. 


lable nature are the Cambrian fossils from 


(Of a more questi 


Sweden and America which have been referred to the Medusz 


by Nathorst and Walcott. 
\lthouwh Cryftodiscus has in general the symmetry of the 


medusz, the idea of its being the mere impression of such a 
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reature is abandoned for two reasons: First, the specimens 
re not mere impressions in the rock, but are cavities with an 
pper and a lower side, from which the actual solid substance of 
me fossil has been dissolved. In the second place there is no 

ison why the mere impression in the mud of the umbrella of 
nedusz, should generally break into regular quadrants and be 
reserved as such. If we consider, however, that the specimens 
f Cryptodiscus are the casts of the gastric cavities of medusa 
th of these difficulties are eliminated. The gastric cavities of 
medusz are divided by thin partitions into four 
uches.’ If such a gastric cavity were filled with a fine sediment, 


me living 
ind if after the decomposition of the soft parts of the creature, 
his cast should become fossilized, it is easy to imagine that the 
ur lobes of the cast might often become partially or wholly sepa- 
ted or de stroy¢ d during the process The one serious objec- 
on to this theory is that probably the material originally filling 


the cavity of the medusa would be so nearly identical with that 
n which the cast was buried, that it would not be leached out, 
is would the shell of a brachiopod, for instance, which was of a 


lifferent character from the matrix in which it was buried. 


YESCRIPTION OF SPECIES. 


i 


reading these descriptions and examining e illustrations, 
In n | ns an xamining th 
t should be kept in mind that they have all been drawn from 


a 


the impressions in the limestone and are consequently the 


reverse of what the actual fossil would be. That is, what is 
lescribed as a groove in thes¢ impressions would be a ridge in 


ne actual tossil 


( ryptodiscus orrugatus N. Sp. Figs. 1-2. 

Disk 7 to 1 in diameter, finely and deeply lobed on 
the periphery. Funnel-shaped depression in the center 10 to 
15™™ in diameter on the plane of the disk, narrowing below to 


> 


the base of the central stemlike process which is from 3 to 5 


cross and rises 6 to 8 to the general plane of the disk. Sur- 
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face of the disk ornamented with from 18 to 20 radiating cor- 
rugations on each quadrant, which extend about two-thirds of the 
distance from the periphery to the center. Each groove upon the 
} 


WCS 


corrugated surface extends to the tip of one of the narrow lo 
of the periphery. Central portion of the disk within the prox- 
imal ends of the corrugations, with the exception of the central 
depression, plane. The whole surface of the disk, in well-pre- 


served specimens, minutely pitted. The four ridges which 


divide the disk into lobes start from four angles upon the cen- 


} 


tral stemlike process. These ridges upon the more weathered 


specimens become nearly or quite obsolete distally. The lobed 
periphery of the disk is rarely perfectly preserved, and in only 
the best-preserved specimens can the minutely pitted surface be 
observed. 

[he specimens figured are from the collection of Mr. L. H. 
Hyde; beside these the species is represented in the collections 
of Walker Museum and of the Chicago Academy of Science. It 
is the commonest species of the genus which has been observed, 
and to it may probably be referred the specimen figured by 
Miller from St. Paul, Ind. 

Cryptodiscus hydet n. sp. Figs. 3-4. 

Disk 5 to8 in diamet« r, dee ply lobed between the quadrants 
giving the entire specimens much the form a of Maltese cross. 
Distal margins of the lobes in no case perfectly preserved. Fun- 
nel-shaped depression in the center 10 to 12™" in diameter on 
the plane of the disk, narrowing to the base of the central stem- 
like process which is 5 to 6™™" in diameter, rounded over the top, 
and rising from 5 to 7™™, a little above the general plane of the 
disk. Surface of the disk smooth, sometimes with shallow, ill- 
defined radial depressions extending from the center along the 
lateral margins of each lobe to the distal angles. In one speci- 
men a shallow, ill-defined radiating depression is seen extending 
from near the center of the distal margin towards the proximal 
angle. The four ridges which divide the disk into quadrants, start 
from four angles upon the central stemlike process and are 


prominent to the bottoms of the lobes of the periphery. 
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The specimens figured are from the collection of Mr. L. H. 


Hy de. 


Cryptodiscus digitatus n. sp. Figs. 6-7. ? 


/ 
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Only the detached quadrants of this species have been observed. 
Each quadrant is deeply divided into three primary lobes, the 
two lateral lobes being again divided in a manner not clearly 
shown in the specimens. Surface covered with fine pits which 
ire coarser towards the proximal angles. Central depression 
arrow and deep. 

In one specimen, Fig. 5, which may belong to a distinct 
species, the central lobe of the quadrant is deeply bifurcate, and 
the lateral lobes are more deeply and more divergently divided 
han in the type. This specimen is also of interest in showing 


two quadrants somewhat separated, but still holding their rela- 


tive position 

The specimens figured are from the collection of Mr. L. H. 
Hyde. 

Cryptodiscus bilobus n. sp. Fig. 8. 

A single quadrant of this species has been observed, but that 
one is nearly perfect. The distal margin is divergently bilobed, 
with each lobe marked by a well defined, rounded, radiating 
furrow which extends nearly to the proximal angle, dividing the 
plane of the quadrant into three subequal triangular areas. 
Each of these areas is ornamented with fine striz which diverge 
from the margins of the two radiating furrows. The central 
depression of the disk narrow and deep. 


The type specimen is in the collection of Walker Museum. 


EXPLANATION OF PLATE. 


FiGs 2. Cxryptodiscus corrugatus. 
1. A complete specimen with the periphery imperfect. 
2. A single quadrant showing some of the narrow lobes of the 
periphery. 
Fics. 3-4. Cryptodiscus hydri. 
3. A complete specimen with the periphery imperfect. 


1. A single detached quadrant. 
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ryptodiscus digitatus. 
[wo quadrants detached but still holding their relative position. 


Possibly a distinct species. 


The lower side of the type specimen. 


The upper side of the ty pe specimen. 
Cryptodiscus bilobus 
The type specimen. 
STUART WELLER 
WALKER MUSEUM, 


University of Chicag 





EDITORIAL. 


THE seventh session of the International Congress of Geolo- 
gists was, and undot ‘diy will always remain, the most remark- 
able in the history of this organization. In conception and i 
execution its plans far exceeded those of any session that pre- 
ceded it, and were much greater than may be expected for any 
that may follow Governmental, industrial and social forces 
conspired to secure the success of the programme prepared by 
the Russian geologists A most powerful government not only 


lent its hearty sympathy but furnished material assistance and 


coéperation The Emperor and Empress received a delegation 
from all » countries represented at the congress, and all mem- 
bers in attendance were given a luncheon in the summer palace. 
The Grand Duke Constantine Constantinovitch and the Princess 
d’Oldenbourge and the Minister of Agriculture and Domains 
opened the session and welcomed the members to St. Petersbourg. 
The Grand Duke Constantine and the Grand Duchess Elisabeth 
Mavrikievna entertained a large number of the geologists at thei 
palace. The m iyor of St. Petersbourg invited all the members 
to a reception in the city hall These tokens of good will and 
approval could not have been stronger; their genuineness was 
proved by the material benefits enjoyed by all who took part in 
the congress and the excursions. First-class passes were furn- 
ished over all the railroads of European Russia and Finland, 
good for three months, and entitling one to the use of sleeping 
cars Many official courtesies were also extended which often 
amounted to complete freedom from customs and police surveil- 


lance, and greatly simplified traveling through various govern- 


mental provinces into remote parts of the empire. Industrial 


enterprises, in any way indebted to geological science, exhibited 


Se 
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the same energy in advancing the interests of the visiting geo- 
wists that characterizes their development of the natural 
resources of the country making it possible to inspect mines 
ind study artificial exposures of great interest. The magnitude 
of their hospitality also will long be remembered. It was 
prompted by a generosity that seemed common to all classes of 
people throughout the empire, as was shown upon one occasion 
by the presentation of bread and salt by the miners of Colou- 
bovka in token of the humble hospitality they would be glad to 
show us in their houses if we could have visited them. The 
same hearty welcome was met with in the cities and on the 
farms of Finland, among the miners in the Urals, and in the 
town, or camp, or monastery in Transcaucasia — everywhere the 
same generous spirit and the same expressions of good will. 


> = 
~ 


THE brilliant success of the seventh session reflects great 
credit on Russian geologists. To them are due both the con- 
ception and execution of the programme. The labor required 
for the preparation of maps and guides and for the arrangement 
for the meeting and the excursions can hardly be realized by 
anyone who has not been engaged in similar undertakings. The 
general secretary, Professor Tschernyschew, devoted two years 
to the preliminary work, and others, no doubt, had a very con- 
siderable share in it. The management of the excursions was 
admirable, when it is remembered what difficulties of transporta- 
tion and limitations of accommodation had to be overcome and 
when the number of participants is taken into account. The 
gratitude of all the excursionists is due to the leaders of the 
several expeditions for the manner in which everything within 
their control was conducted. Their labors and good intentions 
were fully appreciated, except by those unfortunates whose first 
impulse on all such occasions is to criticise and complain, and 
whose subsequent effort is to find excuse for having done so. 
When it is remembered that in addition to their responsibility 
for the details of the excursion, the leaders have also to expound 


the geology and undergo a cross fire of questions and scientific 








754 EDITORIAL 


criticism, and not infrequently to have judgment hurriedly passed 
against them on insufficient evidence, the degree of indebtedness 
to those who undertake such responsibilities is even greater than 
at first appears. 

*,* 

THE actual meetings of the congress were reduced to a mini- 
mum. Of the eight days set apart for the session in St. Peters 
bourg, four only were occupied by the reading of papers and by 
discussion; two were given to the opening and closing cere- 
monies, and two were taken for excursions. The wisdom of this 
allotment is open to criticism. But it was evident at the time 
that the most interesting feature of the session for the genera 
member was the social intercourse between members, proving 
that the individuality of those present was of more immediat: 
interest than the papers read. The audience room unfortunately) 
was not well adapted to the purpose, owing to its large size and 
the interruptions by members passing through it. It was appar 
ent to many that there would be a distinct gain if in future ses 
sions there should be meetings by sections for those interested 
in specialized branches of geology, in connection with general 


meetings, in which all might be interested. It would permit the 


specialist to present more technical papers, and would allow of 


more time for their discussion without encroaching upon the 
time of others lopics so diverse as paleontology and petrol- 
ogy could be treated at the same time without conflict, and with 
mutual advantage. The consciousness that a paper would be 
too technical for a general audience, and that it should be made 
is short as possible often deters one from devoting the necessary 
time to its preparation. But with the possibilities of an audi- 
ence such as might be commanded at an international congress, 
and with time enough at one’s disposal, there could be no stronger 
incentive for the presentation of one’s best possible production 
It is to be hoped that the French geologists will inaugurate this 
practice at the session in Paris in 1900. 

The nature of the scientific proceedings of the session will 


be noted in another issue of the JOURNAL. mm GF 
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Ir is pleasant to announce that our colleague of the JouRNAL 
staff, Dr. Hans Reusch, has been engaged to give two courses 
of lectures at Harvard University during the current year. In 
the first half of the year he will treat of vulcanism, volcanoes, 
ruptive rocks, earthquakes and other movements of the Earth’s 
rust. In the second half he will describe the geology of 
northern Europe and its relations to general geology. He will 
give a weekly seminar to advanced students and will take part 
n their field and laboratory work, his special subjects being the 
eology of the seashore and the geology of special districts in 
Europe. These lectures are given on the Sturgess-Hooper 
yundation recently occupied by Professor J. D. Whitney, but 


vacant since his death. oe 
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The Unpublished Papers of the Geological Survey of Brazil. ( Fra- 
balhos restantes ineditos da Commisséo Geologica do Brazil 
Boletim do Musen Paraense, Vol. II, No. 2. Oct. 1897 
pp. 155-204 
At the suggestic yf Professor O. A. Derby, now chief of the Stat 

Geological Survey Paulo, the Para Natural History Museun 

(Museu Paraense) h undertaken to publish the unpublished papers 

of the defunct Geological Survey of Brazil relating to the geology and 

physical geog ip] J he lower Amazon. Che October number of the 

Holetim contains the first installment of these papers. The parts thus 

published consist « in “Introduction,” “The Breves Region,” and 

“The Rio Tocantins’ . Fred. Hartt, and of “The Island of 

Marajo”’ and a “ Reconn ince of the Rio Maecurti”’ by O. A. Derby 

hese are to be followed later by other chapters on * Rio [rombetas’ 

by Derby, on “ Paracary” by Herbert H. Smith, and on the “ Tajury,’ 

‘Paranaquara,” “Serra da Maxira,” and “Monte Alegre and Ereré’ 


by Hartt 


These papers represent work done by the extinct Commissio Geo 


gia do Brazil from 1875 to 1878, and it might be supposed that it is 
now too late t ublish them, especially as the Museu Paraense has 
lately begun acti rk inthe same region. But it should be remem 
bered that Stat ira, occupying the whole of the Lower Ama 
zon, covers an area $43,900 square miles—nearly twice that of the 
state of Texas ind that the difficulties of exploration in the dense 
and trackless forests that cover that sparsely inhabited region are 
almost or quite beyond the comprehension of those who have not 
encountered them. 

As Hartt well says, when he entered the Amazon valley for the first 
time in 1870, it was, geologically, a tera incognita. Since that time 
and as the result of the tireless efforts of Hartt and Derby a vast 
amount of important information has been gathered and published 
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ipon the geology of the Amazon valley. Among these contributions 
re Hartt’s and Rathbun’s papers on the Devonian fossils of Para, 
Derby’s papers on the Carboniferous and on the Physical Geography 
yf the Lower Amazon, and Clarke’s report on the Ereré tribolites, 
besides a number of papers of minor importance, but all of them of 
lue. 

Director Goeldi deserve rea redit for bringing out at last the 

work of the men who ha lor much and such important pioneer 


work ror geology 


The Devonian fauna of the Red Maecurii By Dr. F. Katrzer 


he same nun r of tl oletim contains an interesting paper by 
iedericl itzer ‘The Devonian fauna of the Rio Maecurt, 
aunas of th her Devonian terranes of the 
based upon the materials gathered by Hartt 
I] n 1896 Che conclusion 
in resembles more « losely that of 
the middl lla rth I ica than it does the lower Devon 
been « late One of the beds he 
correlates 1 T - tly with the Hamilton the New York section 
In comparing th una with the Devonian of Europ he says it should 
be compared to the upper part of the lower Devonian. ‘But as there 
fauna corresponds to that of 
s now considered to belong to 
assume a non-simulianeous 
can and £: uUropean proz 1nNCeS 
forms from the latter to thi 
long wings show their prin 
but in North 


iri only in the middle Devonian. 7 


Devonian, 


is found on th Line in the lower Coblenz 


beds, while in nerica, uding the Ri i1ecurui territory, it occurs 


only in the middl nian. ‘} ame.is true of corals of the genus 
Pleurodictyum which, in Europe, at yund predominating in the lower 
Devonian and in America in the middle Devonian. 

All this shows that these groups of animals, probably on account 


oft progressive ilt rations, especially ot depth, in the sea of the first 
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Devonian epoch, migrated from Central Europe to America wher 
they are now prese nted in the middle Devonian.” 

Dr. Katzer’s study of these Brazilian fossils is especially interesting 
in connection with the work of Dr. Henry S. Williams on the fauna of 
the Cuboides Zon (Bull. G. S. A. 1. 481-500.) 


Joun C. BRANNER 


y 


Report of the United States Deep Waterways Commission. By the 
Commissioners JAMES B. ANGELL, JoHN F. Russect, LYMAN 


E. CooLtey. Washington, 1897. 


Che Deep Waterways Commission was appointed by the President 

response to a joint resolution of Congress, introduced in February 
1895, to make inquiry and report after conference with such similar 
Commissioners as might be appointed on behalf of Great Britain o1 
the Dominion of Canada, concerning the feasibility of the construction 
1f canals which will enable vessels engaged in ocean commerce to pass 
nto the Great Lakes The United States Commissioners and also 


those appointed by the Canadian government have devoted a year or 


nore to the investigation and have prosecuted their inquiries with such 

thoroughness that thei report contains much of value to geologists 

nd hydrographers as well as the commercial world. It embraces 263 

pages of descriptive and statistical matter and an elaborate series of 
ps, diag! s and profile sections 


Of interest to geologists and hydrographers are the tables and dia- 
s exhibiting the fluctuations in the levels of the Great Lakes and 
their outlets for each month from 1860 to 1895; a report and dia 
rams setting forth the effects of gales on Lake Erie: and an accurate 
n p of the basin of the Great Lakes The length of the ice season 1S 


treated with great fullness, there being 176 specific tables and five dia 


grams, covering not or the basin of the Great Lakes but much sur 
rounding territory Che profiles setting forth the variations in depth 
of the several lakes with their connecting channels and of the St. Law- 


rence and Hudson rivers, give a clearer impression than can be obtained 
from charts Che great inequalities in depth found in the lower por- 
tions of the Hudson and St. Lawrence rivers are brought out with 
especial clearness, and they will stimulate inquiry into the history or 


; : 1 1 , ’ ; 
de of deve pment of such abnormal stream beds 
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Che leading deductions from the work of the commission are as 
follows: First, that it is entirely feasible to construct canals between 
the several Great Lakes and the seaboard which will be adequate to 
ny scale of navigation that may be desired ; second, the most eligible 
route from the heads of Lakes Michigan and Superior is through the 
several Great Lakes and their intermediate channels, together with a 
proposed ship canal from Tonewanda to Olcott in Lake Ontario, from 
which the Canadian Seaboard may be reached by way of the St. Law- 
rence River, and the American seaboard may be reached by way of the 
St. Lawrence River, Lake Champlain, and the Hudson River, or by 
way of the Oswego-Oneida-Mohawk Valley, and the Hudson River. 
Che direct line through Georgian Bay, Lake Nipissing, Mattawa, and 


> direct ine ( } 


Ottawa rivers, although presenting no great engineering difficulties, is 
not considered an available alternative to the route by way of Lake 
Erie, since the work of construction ‘is much more serious, the water 


supply limited, the ice season longer, and the amount of traffic along 


ng 
the line much smaller Until comprehensive surveys have been made 
t will be impossible to say how far lockage and restric ted channels will 
yffset the apparent saving in distance fa 


The Former Extension of the Appalachians across Mississippi, Loutst- 
ana and Texas. By Proressor J. C. BRANNER. From the 


y 1 9t rican Journal r I Se 27é71Cceé, Vol. lV, Nove mber 1897. 


[he paper is a brief and compact statement of the ground upon 
which the author concludes that the Appalachian Mountains formerly 
had the extension indicated by the title That the mountains disap- 
peared by subsidence over the area named is evidenced by the following: 
(1) the reversal of the drainage of both the Arkansas and the Texas 
Carboniferous areas; (2) the truncation of the eastern part of the 
hita uplift by Cretaceous and Tertiary sediments; (3) the general 


} 


slope of the Ouachita uplift is toward the east; (4) the general direction 
of the drainage of the Ouachita uplift is toward the southeast, which is 
the direction of the principal axis of disturbance; (5) the faults and 
folds across the eastern end of the Boston Mountains are approximately 
parallel to the Cretaceous and Tertiary margin; (6) the great fault 
near the Tertiary border of Texas and the still greater faults in Ala- 


bama, with the downthrow (which is great) on the embayment side of 
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the Appalachian axis; (7) the eruptive rocks and hot springs accom 


panying the faults and Tertiary border in Texas and Arkansas; (8) the 


great thickness (5000 to 10,000 feet) of the Cretaceous and post-Creta 


ceous sediments in the de pre ssed area. 
Among other important things, the author concludes that the 


he Cincinnati-Nashvillk 


Quachita uplift is the structural equivalent of the 
irch; that the Coal Measure drainage of the Illinois-Indiana-Kentucky 
irea was irboniferous mediterranean sea through the Arkansas 
he Arkansas and Texas Carbonifet 

Jurassic times, when the 


il 1 the Appalachians i1 


submerged 


liments on the south side of the Ouachita uplift 


sea 
the north side, indicating that they came from the 
sediments is seen in the Silurian 
It is this ground that th 

of the Cincinnati arch. 


A. H. PuRDUE 


Maryland Geological Survey, Vol. 1. Ww». Buttock CLark, State 


The Johns Hopkins Press, Baltimore, Md. 


Geologist 


good example set by some of the recent state 
he survey of Maryland presents in its first published 

geological work which has already been 

; covered in Parts I], III] and IV 

ts of the subject from a dif- 

istory of the various organi 

work within the state, and 

immediately connected with 

existing knowledge 

yncern ‘red by references to 


the men wl their results became 
known, and set forth, references 


continuity of the 
the results of the 


sistants since the organiza- 
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tion of the present survey. The third part of the report referred to 
bove (by Dr. E. B. Mathews), is a careful bibliography of the publica- 
tions, both textual and cartographic, touching the geology and natural 
resources of the state. These chapters, which constitute the strictly 
geological part of the volume, are prefaced by a chapter which sets 
forth the plans and purposes of the survey a chapter well worth the 
perusal of those who are charged with the organization or execution of 
such surveys 

Part V isa report by Dr. L. A. Bauer on the magnetic work in 


Marvland, and includes a sketch of the history and objects of magnetic 


surveys Dr. Bauer has determined the magnetic elements at a num- 
ber of points, ind has brought togetl er all data which are now known 
concerning this interesting subject, so far as applied to the state. 


Che volume is illustrated by seventeen well-executed plates and 
maps, among which are a geologi« il map ot the state as now under 
stood, an isogonic map, and a map showing lines of equal magnetic 


and the preliminary lines of equal magnetic force (for 


Che volume is to be commended not only for its contents, but fo1 


e excellence of its typographic work In this respect it is in pleasant 
contrast with the cheap volumes sometimes issued by similar organi- 
zations . 2. oe 


\NDRE&, PROFESSOR DR. Die Foraminiferen-Fauna im Septarienthon 


n Frankfurt a. M. und ihre vertikale Verteilung. Frankfurt a. M. 


Annales de la Société Geologique de Belgique. May 1897, Liege, Bel- 
Annual Report, Department of Minesand Agriculture, New South Wales, 
for the year 18o¢ Sidney, Australia, 1897 


ASHE, WILLIAM WILLARD, Assistant in Forestry, North Carolina Geo- 


gical Survey. The Possibilities of a Maple Sugar Industry in 
western North Carolina. Winston, N. C., 1897. 

Bain, H. F. Geology of Polk (¢ 
VII. Des Moines, la., 1897 


BAKER, FRANK COLLINS. On the Modification of the Apex in Gastropod, 


lowa Geological Survey, Vol. 





Mollusks. Reprinted from the Annals of the New York Academy of 


| = 
Sciences, IX. 1d9 
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